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C H A P T E R I 
I N T R O D U C T I O N 
P u r p o s e 
T h e p u r p o s e o f t h i s r e s e a r c h i s t o d e v e l o p a m e t h o d a n d p r o ­
c e d u r e f o r m e a s u r i n g m a n a g e r i a l e f f i c i e n c y a m o n g e l e c t r i c u t i l i t y 
c o m p a n i e s . T h e m e a s u r e o f e f f i c i e n c y p r o p o s e d w o u l d b e t h e r e s u l t o f 
t h e r e l a t i o n s h i p b e t w e e n a m e a s u r e o f a n i n d i v i d u a l c o m p a n y ' s p a s t 
p e r f o r m a n c e a n d a m e a s u r e o f b e s t p o s s i b l e p e r f o r m a n c e f o r t h e s a m e 
c o m p a n y f o r t h e s a m e p e r i o d o f t i m e . I t i s h o p e d t h a t t h e t e c h n i q u e s 
d e v e l o p e d i n t h i s r e s e a r c h w i l l b e a m a j o r c o n t r i b u t i o n t o m e a s u r i n g 
m a n a g e r i a l p e r f o r m a n c e b y p r o v i d i n g a d e t e r m i n i s t i c a n d c o n s i s t e n t 
m e t h o d f o r d e t e r m i n i n g s u c h a m e a s u r e . 
N a t u r e o f t h e P r o b l e m 
T h e o b j e c t i v e o f r e g u l a t i o n i s t o i n s u r e t h a t t h e c u s t o m e r 
r e c e i v e s s a t i s f a c t o r y s e r v i c e a t t h e l o w e s t p o s s i b l e c o s t , a n d a l s o 
t o a l l o w o w n e r s o f t h e u t i l i t y t o r e c e i v e j u s t c o m p e n s a t i o n f o r t h e i r 
i n v e s t m e n t a n d e f f o r t s . 
R e g u l a t i o n b y g o v e r n m e n t a l b o d i e s h a s e v o l v e d f r o m t h e e a r l i e s t 
f o r m o f r e g u l a t o r — c o m p e t i t i o n . C h a r t e r s o r f r a n c h i s e s w e r e f r e e l y 
g r a n t e d f o r t h e c o n s t r u c t i o n o f c o m p e t i n g u t i l i t i e s i n m a n y l a r g e r 
g e o g r a p h i c a l s e r v i c e a r e a s . I t w a s n o t u n u s u a l i n s o m e o f t h e s e l a r g e 
a r e a s t o h a v e m o r e t h a n t w o c o m p a n i e s p r o v i d i n g t h e s a m e s e r v i c e ; i n 
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New York City there were as many as six gas companies serving that 
city at one time (40). 
Competition between utility companies might have assumed many 
forms, but the primary one was price competition. This usually degen­
erated into "cut throat" price wars designed to eliminate the competitors. 
After the price war, instead of the consumer benefiting, as might be 
expected, prices were usually raised abnormally high so that the sur­
viving utility might recoup some of the losses sustained during the 
price war. 
Another disadvantage to the consumer arising from competition 
between utilities stems from the fact that utilities typically require 
high investments in capital assets. In the past, the duplication of 
these assets together with operating expenses frequently resulted in 
greater costs for the service to the customer. The above disadvantages 
suggested that competition could not always serve the function of a regu­
lating service. 
The courts then appeared as a regulative body to protect the 
interests of consumers. Since the courts exist to resolve disputes 
involving specific instances, they failed in the regulation capacity. 
Continuous regulation is necessary by men with technical competence and 
experience. The judicial procedure is also costly and timeconsuming. 
Direct legislative control has also been attempted as a means of 
regulation through the granting of franchises and charters, and through 
statutes defining the obligations of public utilities. The disadvantages 
of this method are similar to those of the courts. Successful regulation 
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must be a continuing process . The l e g i s l a t u r e , with t h e i r infrequent 
sessions and t h e i r i n e v i t a b l e preoccupation with a multitude of other 
r e s p o n s i b i l i t i e s , lacked both the time and the competence to administer 
the proper contro l . 
The f a i l u r e of the above a l t e r n a t i v e s as methods of regulat ion 
r e s u l t e d f i n a l l y in the formation of regu la tory commissions. Under such 
an arrangement the l e g i s l a t u r e delegates i t s regu la tory a u t h o r i t y to an 
adminis trat ive agency which c a r r i e s out the po l i cy in accordance with 
standards and procedures prescribed by the l e g i s l a t u r e . This agency, 
the commission, i s composed of f u l l time qual i f i ed employees who can 
provide continuous supervision and can act immediately when questions 
a r i s e . 
Under a l l other forms of regulat ion up to the time of the com­
mission, the consumer was usual ly rece iv ing l e s s than s a t i s f a c t o r y s e r v ­
i c e and paying a premium for i t . Since the commission form of regu la ­
t i o n did r e s u l t in b e t t e r serv ice to the consumer at a reasonable p r i c e , 
the publ ic has viewed the commission as a device only to assure the pub­
l i c of a continuation of t h i s treatment. I t i s probable t h a t most com­
missions have leaned in t h i s d i r e c t i o n in the p a s t . But the commissions 
are a lso responsible for protect ing the r i g h t s of the u t i l i t y . 
In a competitive industry the r i g h t to earn a reasonable re turn 
on an investment i s not guaranteed, but i s establ ished through the action 
of economic forces over a long period. Through the appl icat ion of these 
forces a competitive industry may have a number of companies which w i l l 
s u r v i v e . Among these , there w i l l be a v a r i a t i o n of investment r e t u r n in 
general proportion to the degree of e f f i c i ency with which each firm 
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i s m a n a g e d , , 
A p u b l i c u t i l i t y , i n w h i c h c o m m i s s i o n r e g u l a t i o n r e p l a c e c o m p e ­
t i t i o n , s h o u l d h a v e t h e r i g h t t o r e c e i v e t h e s a m e p r i v i l e g e a s a 
c o m p a n y i n a c o m p e t i t i v e s i t u a t i o n w i t h r e g a r d t o i t s r a t e o f r e t u r n . 
A t p r e s e n t , h o w e v e r , t h e u t i l i t i e s a r e b a s i c a l l y o p e r a t i n g o n a c o s t -
p l u s b a s i s w h i c h i n i t s e l f d o e s n o t p r o v i d e a m e a n s o f r e w a r d f o r e f f i ­
c i e n c y . I f , f o r e x a m p l e , a c o m m i s s i o n w e r e t o e s t a b l i s h e a r n i n g s a t 
s e v e n p e r c e n t o f t h e r a t e b a s e , a u t i l i t y w o u l d b e e n t i t l e d t o e a r n 
s e v e n p e r c e n t w h e t h e r i t k e p t i t s e x p e n s e s d o w n o r u p . I f a c o m p a n y 
w e r e t o h a v e d i f f i c u l t y e a r n i n g t h e s e v e n p e r c e n t r e t u r n , t h e c o m m i s ­
s i o n w o u l d p r o b a b l y g r a n t a r a t e i n c r e a s e . I f , h o w e v e r , a c o m p a n y e a r n ­
i n g i t s s e v e n p e r c e n t m a n a g e d t h r o u g h e f f i c i e n t m a n a g e m e n t t o r e d u c e 
s i g n i f i c a n t l y i t s e x p e n s e s , e n a b l i n g i t s r e t u r n t o r i s e t o e i g h t p e r 
c e n t , t h e c o m m i s s i o n w o u l d p r o b a b l y l o w e r t h e r a t e s . 
I t c a n b e s e e n t h a t t h e r e i s a l s o a l a c k o f i n c e n t i v e f o r t h e 
u t i l i t y t o m a i n t a i n a m i n i m u m i n v e s t m e n t . W i t h a g r e a t e r r a t e b a s e t h e 
u t i l i t y p r o b a b l y w i l l b e e n t i t l e d t o e a r n m o r e m o n e y i n t e r m s o f a 
r e t u r n o n i t s i n v e s t m e n t . C l e a r l y t h e n , t h e r e g u l a t e d u t i l i t y i s o p e r ­
a t i n g i n a c o s t - p l u s a t m o s p h e r e a n d c o n s e q u e n t l y i s b e i n g d e p r i v e d o f 
t h e o p p o r t u n i t y t o b e r e c o g n i z e d a n d r e w a r d e d f o r m a n a g e r i a l e f f i c i e n c y . 
T o b e j u s t , r e g u l a t i o n s h o u l d e s t a b l i s h ( a ) a r a t e o f r e t u r n 
w h i c h p r o v i d e s t h e l o w e s t c o s t t o t h e c u s t o m e r c o m m e n s u r a t e w i t h t h e 
q u a l i t y o f s e r v i c e r e n d e r e d , ( b ) a f a i r r e t u r n t o t h e i n v e s t o r , a n d 
( c ) a s o u n d f i n a n c i a l c o n d i t i o n f o r t h e c o m p a n y ' s o p e r a t i o n . T h e l a s t 
p r o v i s i o n i s p a r t i c u l a r l y n e c e s s a r y f o r c o m p a n i e s i n a g r o w i n g i n d u s t r y 
s u c h a s t h e e l e c t r i c u t i l i t y i n d u s t r y , s i n c e s u c h c o m p a n i e s m u s t s e c u r e 
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c a p i t a l f o r e x p a n s i o n i n t h e c o m p e t i t i v e m a r k e t . 
R e g u l a t i o n p e r f o r m s a n e c o n o m i c f u n c t i o n a n d i s n o t a p u n i t i v e 
p r o c e s s . T h e p r o b l e m t h a t e x i s t s — t h a t o f n o a l l o w a n c e f o r e f f i c i e n c y 
i n u t i l i t y o p e r a t i o n — h a s b e e n r e c o g n i z e d f o r m a n y y e a r s . O n e o f t h e 
e a r l i e s t d e l i n e a t i o n s o f t h i s p r o b l e m i s t h e M o u n t a i n S t a t e s T e l e p h o n e 
a n d T e l e g r a p h c a s e i n 1 9 1 7 ( P U R 1 9 1 7 B ) i n w h i c h t h e C o l o r a d o C o m m i s s i o n 
n o t e d t h a t t h e c o m p a n y ' s e f f i c i e n t a n d e c o n o m i c a l o p e r a t i o n s s h o u l d h a v e 
a b e a r i n g i n d e c i d i n g t h e p e r m i s s a b l e f a i r r a t e o f r e t u r n ; f o r " t o h o l d 
o t h e r w i s e w o u l d b e t o p e n a l i z e e c o n o m i c , e f f i c i e n t a n d h o n e s t m a n a g e ­
m e n t . " 
M r . J u s t i c e B r a n d e i s s a i d i n 1 9 2 3 , i n h i s c o n c u r r i n g o p i n i o n i n 
t h e S o u t h w e s t e r n B e l l T e l e p h o n e C o m p a n y v . P u b l i c S e r v i c e C o m m i s s i o n 
o f M i s s o u r i ( 2 6 2 U . S . 2 7 6 ) c a s e : 
T h e c o m p e n s a t i o n w h i c h t h e C o n s t i t u t i o n g u a r a n t e e s a n 
o p p o r t u n i t y t o e a r n i s t h e r e a s o n a b l e c o s t o f c o n d u c t i n g 
t h e b u s i n e s s . C o s t i n c l u d e s n o t o n l y o p e r a t i n g e x p e n s e s b u t 
a l s o c a p i t a l c h a r g e s . C a p i t a l c h a r g e s c o v e r t h e a l l o w a n c e , 
b y w a y o f i n t e r e s t , f o r t h e u s e o f t h e c a p i t a l w h a t e v e r t h e 
n a t u r e o f t h e s e c u r i t y i s s u e d t h e r e f o r ; t h e a l l o w a n c e f o r 
r i s k i n c u r r e d ; a n d e n o u g h m o r e t o a t t r a c t c a p i t a l . T h e 
r e a s o n a b l e r a t e t o b e p r e s c r i b e d b y a C o m m i s s i o n m a y a l l o w 
a n e f f i c i e n t l y m a n a g e d U t i l i t y m u c h m o r e l ( u n d e r l i n i n g a d d e d ) • 
M a n y m o r e c o u r t a n d c o m m i s s i o n d e c i s i o n s c o u l d b e c i t e d c o n v e y i n g 
t h e s a m e c o n c e p t , t h a t e f f i c i e n t l y m a n a g e d u t i l i t i e s s h o u l d b e e n t i t l e d 
t o a r e w a r d f o r t h e i r e f f i c i e n c y . T h u s t h e t a s k i s n o l o n g e r t o r e c o g ­
n i z e t h a t a p r o b l e m e x i s t s , b u t r a t h e r , t o f i n d a n a p p r o p r i a t e s o l u t i o n . 
I n d e f i n i n g t h e p r o b l e m , i t a p p e a r s t h a t i n o r d e r t o a r r i v e a t 
a m e t h o d f o r p r o v i d i n g a r e w a r d f o r e f f i c i e n c y o f m a n a g e m e n t , a m e a s u r e ­
m e n t o f e f f i c i e n c y m u s t f i r s t e x i s t . A n d f o r a m e a s u r e m e n t o f e f f i c i e n c y 
t o e x i s t i m p l i e s f i r s t t h a t a m e a s u r e m e n t o f a c t u a l p e r f o r m a n c e c o m p a r e d 
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to a measurement of optimal performance for the same period of time 
must be a v a i l a b l e . This optimal performance w i l l here inaf ter be 
r e f e r r e d to as "standard performance." 
Quality of performance, whether exce l l ent or poor, i s not the 
r e s u l t of one day's or even one y e a r ' s operat ion. In a u t i l i t y i t i s 
probably the r e s u l t of many years of operat ion, since much of the 
e f f o r t and investment i s for the f u t u r e , to meet anticipated growth 
and condit ions. An investment in a new generator i n s t a l l e d over the 
past two y e a r s , for example, may r e s u l t in management's being judged 
as exce l l ent or poor, depending on future events . I f in f i v e years 
there i s excess generating capacity r e s u l t i n g in higher investment 
charges than necessary, higher s a l a r i e s , e t c . , then a measure of man­
agement e f f i c i ency for tha t p a r t i c u l a r f i v e year period might indicate 
poor performance. 
I f i t were poss ible to take the u t i l i t y company into the labora­
t o r y and look at i t s operation in r e t r o s p e c t , i t would probably be pos­
s i b l e to see how i t might have been operated d i f f e r e n t l y to provide 
adequate serv ice but at a cheaper cost . A measure of e f f i c i e n c y could 
then be derived by comparing actual operations with the reconstructed 
idea l operat ion. Since of course a company's operation for a given 
period can' t a c t u a l l y be recreated in a l abora tory , perhaps the next 
best thing would be to construct a model of the company, which could be 
brought into the l a b o r a t o r y . Figure 1 i l l u s t r a t e s these two approaches 
to experimentation ( 2 ) . 
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S y s t e m M o d e l o f S y s t e m 
E x p e r i m e n t 
o n S y s t e m 
E x p e r i m e n t 
o n M o d e l 
R e s u l t s o f 
E x p e r i m e n t 
o n S y s t e m 
R e s u l t s o f 
E x p e r i m e n t 
o n M o d e l 
F i g u r e 1 . D i r e c t a n d I n d i r e c t E x p e r i m e n t a t i o n . 
S u c h s y s t e m s s t u d i e s , u s i n g a r e p r e s e n t a t i o n o f t h e s y s t e m 
( c a l l e d a m o d e l ) a r e c o n d u c t e d f r e q u e n t l y a n d e n a b l e u s t o m a k e i n f e r ­
e n c e s a b o u t t h e a c t u a l s y s t e m . T h e u s e o f m o d e l s , t h e n , i s r e p l a c i n g 
" d i r e c t " b y " i n d i r e c t " e x p e r i m e n t a t i o n . I t i s n e c e s s a r y t h a t t h e m o d e l 
b e o f t h e m a t h e m a t i c a l t y p e r a t h e r t h a n o f t h e p h y s i c a l t y p e d u e t o t h e 
n a t u r e o f t h e u t i l i t y s y s t e m u n d e r c o n s i d e r a t i o n . 
I t h a s b e e n p r e v i o u s l y s t a t e d t h a t p e r f o r m a n c e i s a r e s u l t o f 
o p e r a t i o n o v e r t i m e ; t h u s i t w i l l b e n e c e s s a r y t o d e r i v e i n f o r m a t i o n 
a b o u t m o d e l p e r f o r m a n c e b y f o l l o w i n g t h e c h a n g e o f s t a t e o f t h e m o d e l 
r e s u l t i n g f r o m t h e s u c c e s s i o n o f e v e n t s a f f e c t i n g t h e m o d e l . T h i s c a n 
b e a c c o m p l i s h e d b y p r o g r a m m i n g t h e d i g i t a l c o m p u t e r t o f o l l o w t h e c o r ­
r e s p o n d i n g c h a n g e s i n t h e m o d e l a n d t o m a k e t h e n u m e r i c a l c a l c u l a t i o n s . 
T h i s t e c h n i q u e i s c a l l e d " d i g i t a l s i m u l a t i o n . " 
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A f t e r t h e m o d e l h a s b e e n d e t e r m i n e d a n d t h e f i r s t r u n m a d e , 
a d d i t i o n a l d a t a i s n e c e s s a r y f o r a s t a n d a r d o p e r a t i o n . T h e s e a r e d a t a 
a s s o c i a t e d w i t h f e a s i b l e a l t e r n a t i v e s w h i c h t h e c o m p a n y m i g h t h a v e 
t - i k e n d u r i n g t h e c o u r s e o f t h e s t u d y p e r i o d . I n t h e s i m u l a t i o n , 
s i n c e t h e o p e r a t i o n i s u n d e r c e r t a i n t y , i t i s p o s s i b l e t o d e t e r m i n e 
w h i c h a l t e r n a t i v e s h o u l d b e s e l e c t e d b y u t i l i z i n g a v a i l a b l e d a t a . 
I m p o r t a n c e o f t h e P r o b l e m 
T h e l a c k o f a n a d e q u a t e m e a n s o f m e a s u r i n g r e g u l a t e d u t i l i t y 
p e r f o r m a n c e i n o r d e r t o d e t e r m i n e a n e f f i c i e n c y r a t i n g f o r i t s m a n a g e ­
m e n t i s a s e r i o u s o n e . T h i s m e a n s w o u l d b e t h e f i r s t s t e p t o w a r d s 
a c h i e v i n g a p l a n w h e r e b y u t i l i t i e s m i g h t b e r e w a r d e d f o r a b o v e a v e r a g e 
m a n a g e r i a l e f f i c i e n c y . T h e i m p o r t a n c e o f t h e n e e d f o r s u c h a p l a n 
i s i n d i c a t e d i n a s p e e c h d e l i v e r e d i n O c t o b e r , 1 9 6 2 , b y C h a i r m a n 
S w i d l e r o f t h e F e d e r a l P o w e r C o m m i s s i o n ( 4 ) w h e n h e s t a t e d : 
I f t h e i n d u s t r y o r i t s c o n s u m e r s c a n s u g g e s t a w o r k a b l e 
s u b s t i t u t e f o r t h e p r e s e n t s y s t e m o f a w a r d i n g a p p r o x i ­
m a t e l y t h e s a m e r a t e o f r e t u r n i r r e s p e c t i v e o f i n d i v i d u a l 
c o m p a n y p e r f o r m a n c e , i t c a n m a k e a l a r g e c o n t r i b u t i o n t o 
t h e c a u s e o f e f f e c t i v e r e g u l a t i o n i n t h e o v e r - a l l p u b l i c 
i n t e r e s t . 
A s a t i s f a c t o r y m e t h o d f o r d e t e r m i n i n g m a n a g e r i a l e f f i c i e n c y 
a n d s u b s e q u e n t l y t h e i n s t a l l a t i o n o f a w o r k a b l e p l a n o f i n c e n t i v e s 
w o u l d b r i n g i m p o r t a n t b e n e f i t s t o m a n y p e o p l e . U t i l i t y m a n a g e m e n t 
w o u l d b e n e f i t d i r e c t l y . W i t h t h e i n c r e a s e d e m p h a s i s o n c o s t r e d u c t i o n , 
e a c h i t e m o f e x p e n s e w o u l d b e c l o s e l y s c r u t i n i z e d t o a s s u r e t h a t i t 
c o n t r i b u t e d t o g r e a t e r e f f i c i e n c y . W i t h a r e c o r d o f p e r f o r m a n c e 
b o n u s e s , e q u i t y c a p i t a l w o u l d c o s t l e s s a n d w o u l d e n c o u r a g e f u r t h e r 
i n v e s t m e n t . I f a c o m p a n y h a s a n i n f e r i o r r e c o r d , e i t h e r f r o m t h e a b s e n c e 
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o f a b o n u s o r a r e d u c t i o n i n t h e e q u i t y r e t u r n , p r e s s u r e f o r i m p r o v e ­
m e n t w o u l d b e b r o u g h t t o b e a r o n m a n a g e m e n t b y t h e s t o c k h o l d e r s . 
T h e c u s t o m e r w o u l d b e n e f i t t h r o u g h r a t e s l o w e r t h a n w o u l d o t h e r ­
w i s e h a v e b e e n i n e f f e c t w i t h o u t s u c h a n i n c e n t i v e f o r m a n a g e m e n t . 
F u r t h e r r e d u c t i o n c o u l d c o m e f r o m t h e w i l l i n g n e s s o f t h e m a n a g e m e n t 
t o s h a r e t h e p e r f o r m a n c e b o n u s w i t h t h e c u s t o m e r . B e i n g e c o n o m i c a l l y 
m i n d e d t h e c o m p a n y w o u l d p r o v i d e f a s t e r a n d m o r e e f f i c i e n t s e r v i c e . 
I f a w o r k a b l e s o l u t i o n w e r e a c h i e v e d b e t w e e n t h e c o m m i s s i o n a n d 
t h e c o m p a n i e s i t r e g u l a t e s , i t w o u l d a l s o t e n d t o a s s u r e c o n t i n u o u s 
r e g u l a t i o n w h i l e r e l e a s i n g t h e c o m m i s s i o n t o d e v o t e m o r e t i m e t o o t h e r 
f u n c t i o n s . T h e r e l a t i o n s h i p b e t w e e n t h e c o m m i s s i o n a n d t h e u t i l i t y 
c o m p a n i e s s h o u l d i m p r o v e , s i n c e t h e r e w o u l d n o l o n g e r b e b a s i s f o r t h e 
a t t i t u d e t h a t t h e c o m m i s s i o n , i n o r d e r t o h e l p t h e c o n s u m e r , m u s t b e 
h a r s h o n t h e u t i l i t y . 
T o u n d e r s t a n d f u r t h e r t h e i m p o r t a n c e o f t h i s r e s e a r c h , a l o o k 
a t s o m e s t a t i s t i c s f o r t h e e l e c t r i c u t i l i t y i n d u s t r y s h o u l d b e h e l p f u l . 
T h i s w i l l g i v e a m p l i f i c a t i o n t o t h e b e n e f i t s l i s t e d a b o v e a n d t h e w i d e ­
s p r e a d e f f e c t t h a t i t c o u l d h a v e o n t h e e n t i r e e c o n o m y . S e e T a b l e 1 , 
R e v e n u e s , E x p e n s e s a n d U t i l i t y P l a n t f o r P r i v a t e E l e c t r i c U t i l i t i e s . 
1 9 5 2 - 1 9 6 1 ( 4 3 ) . 
I t i s a p p a r e n t t h a t i f c o m m i s s i o n s w e r e s u c c e s s f u l i n i m p l e m e n t ­
i n g a n i n c e n t i v e p r o g r a m , a n d i f t h i s w e r e t o h a v e o n l y a s m a l l e f f e c t 
o n r e v e n u e s , e x p e n s e s , a n d t o t a l u t i l i t y p l a n t ( o r i n v e s t m e n t ) , t h e n a 
s i z a b l e d o l l a r c h a n g e w o u l d r e s u l t . 
I n v i e w o f t h e s i g n i f i c a n t p o t e n t i a l b e n e f i t s t o u t i l i t y m a n a g e ­
m e n t a n d t h e c o n s u m e r , i t a p p e a r s t h a t t h e r e i s a r e a l n e e d f o r a n 
1 0 
a c c e p t a b l e m e a s u r e o f u t i l i t y p e r f o r m a n c e , e n a b l i n g a n i n c e n t i v e 
m e t h o d t o b e d e v e l o p e d a n d i n s t a l l e d . 
T a b l e 1 . R e v e n u e s , E x p e n s e s a n d U t i l i t y P l a n t f o r 
P r i v a t e E l e c t r i c U t i l i t i e s , 1 9 5 2 - 1 9 6 1 
R e v e n u e f o r 
E l e c t r i c O p e r a t i n g T o t a l U t i l i t y 
Y e a r S e r v i c e * E x p e n s e s ^ P l a n t 
M i l l i o n s o f D o l l a r s 
1 9 5 2 5 , 4 2 6 2 , 5 7 7 2 0 , 6 3 6 
1 9 5 3 5 , 9 4 0 2 , 8 0 1 2 3 , 1 6 5 
1 9 5 4 6 , 3 1 7 2 , 8 8 0 2 5 , 3 5 8 
1 9 5 5 6 , 9 3 4 3 , 0 7 6 2 7 , 3 1 8 
1 9 5 6 7 , 5 2 1 3 , 3 5 6 2 9 , 4 9 9 
1 9 5 7 8 , 0 5 4 3 , 6 3 8 3 2 , 4 3 6 
1 9 5 8 8 , 4 7 8 3 , 7 0 3 3 5 , 2 9 5 
1 9 5 9 9 , 1 4 4 3 , 9 1 6 3 7 , 8 8 9 
1 9 6 0 9 , 6 9 7 4 , 0 9 7 4 0 , 4 5 6 
1 9 6 1 1 0 , 2 5 7 4 , 3 1 6 4 2 , 5 4 9 
D a t a c o v e r p r i v a t e o p e r a t i n g c o m p a n i e s o n l y . 
2 
E x c l u d e s t a x e s a n d d e p r e c i a t i o n . 
3 
L e s s r e s e r v e s f o r d e p r e c i a t i o n a n d a m o r t i z a t i o n . 
S c o p e o f S t u d y 
A s i n d i c a t e d b y t h e l i t e r a t u r e s u r v e y i n C h a p t e r I I t h e r e h a s 
b e e n n o s a t i s f a c t o r y m e t h o d o r t e c h n i q u e d e v e l o p e d w h i c h c a n p r o v i d e 
a m e a s u r e m e n t o f a c t u a l p e r f o r m a n c e f o r a r e g u l a t e d u t i l i t y c o m p a n y 
i n c o m p a r i s o n t o a s a t i s f a c t o r y a n d a c c e p t a b l e s t a n d a r d o f o p e r a t i o n . 
T h e t e r m " s a t i s f a c t o r y a n d a c c e p t a b l e " i s u s e d f r o m t h e v i e w p o i n t o f a 
r e g u l a t o r y b o d y f o r t h e p u r p o s e o f r e w a r d i n g t h e u t i l i t y f o r a b o v e 
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a v e r a g e p e r f o r m a n c e . 
T h e a t t e m p t s a t e v a l u a t i n g p e r f o r m a n c e o f i n d u s t r i a l o r g a n i z a ­
t i o n s , i n c l u d i n g u t i l i t i e s , h a v e s u f f e r e d f r o m t h e a b s e n c e o f a s u i t a ­
b l e c o m p a r a t i v e s t a n d a r d . T h u s , t h e r e s u l t s o f s u c h a t t e m p t s h a v e b e e n 
o f t h e r e l a t i v e t y p e — c o m p a r i s o n s a m o n g u t i l i t i e s , o r e v e n b e t w e e n 
u t i l i t i e s a n d c o m p e t i t i v e c o m p a n i e s . A l t h o u g h t h e s e m e t h o d s h a v e n o t 
p r o d u c e d a s a t i s f a c t o r y m e a n s o f r e w a r d i n g u t i l i t i e s , t h e y h a v e r e m a i n e d 
t h e o n l y a p p r o a c h p r o b a b l y d u e t o a l a c k o f a n a l y t i c a l t e c h n i q u e s , o r 
o f i n t e r e s t a m o n g p e r s o n s c a p a b l e o f d e v e l o p i n g a n e w l o o k a t t h e p r o b ­
l e m . 
T h e s c o p e o f t h i s s t u d y w a s t o i n t r o d u c e a n d t e s t a t e c h n i q u e 
f o r e s t a b l i s h i n g a s t a n d a r d o f o p e r a t i o n a n d , s u b s e q u e n t l y , a m e a s u r e 
o f p e r f o r m a n c e f o r a r e g u l a t e d e l e c t r i c u t i l i t y c o m p a n y . U t i l i z a t i o n 
w a s m a d e o f t h e p r i n c i p l e s o f s y s t e m s i m u l a t i o n w i t h t h e h i g h s p e e d 
d i g i t a l c o m p u t e r . 
B r i e f l y , t h e p r o c e d u r e f o l l o w e d i n t h i s r e s e a r c h w a s t o d e v e l o p 
a m o d e l b a s e d o n t h o s e a s p e c t s o f t h e u t i l i t y w h i c h m a k e t h e m o s t s i g ­
n i f i c a n t c o n t i n u i n g c o n t r i b u t i o n t o t h e f a c t o r s e l e c t e d a s a c r i t e r i o n 
f o r c o m p a r i s o n p u r p o s e s . T h e m o d e l w a s t h e n t r a n s l a t e d i n t o a s i m u l a ­
t i o n l a n g u a g e f o r t h e d i g i t a l c o m p u t e r . A c t u a l o p e r a t i n g a n d g r o w t h 
d a t a w a s c o l l e c t e d f r o m a t e s t c o m p a n y f o r a s e l e c t e d p e r i o d o f t i m e . 
T h i s d a t a w a s p r o g r a m m e d i n t o t h e m o d e l , w h i c h w a s t h e n s i m u l a t e d o n 
t h e c o m p u t e r f o r t h e s e l e c t e d t i m e p e r i o d . T h e r e s u l t s w e r e c o n s i d e r e d 
t o b e t h e a c t u a l p e r f o r m a n c e f o r t h a t p a r t i c u l a r c o m p a n y . 
N e x t , k n o w i n g t h e l o a d g r o w t h t h a t t h e c o m p a n y a c t u a l l y e x p e r ­
i e n c e d d u r i n g t h i s p e r i o d , i t w a s p o s s i b l e t o s i m u l a t e t h e o p e r a t i o n 
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of the company utilizing "ideal" decisions and solutions, since the 
operation was now being conducted under "certainty." The results of 
this run are called the "standard of operation." 
The measure of efficiency is the relationship between the 
standard of operation derived from the second simulation run and the 
results of the first run. In order for this relationship to indicate 
efficiency it is convenient to think of efficiency as the relationship 
of output to input. In the case of an electric motor, efficiency is 
measured by output divided by input, where input will always be greater 
than output due to friction. The accepted concept that efficiency is 
a number equal to or less than unity was adhered to in this study. 
The measures of actual performance and standard performance are cost 
figures; therefore it is necessary to divide the standard performance 
measure by the actual performance measure in order to result in an 
efficiency measure equal to or less than unity. 
The cost figure used as the measure of performance is the present 
worth value of all costs generated by the model during the simulation 
runs. Since the costs so generated during the different simulation 
runs occur at different times and are of different magnitudes they are 
difficult to compare as such. As explained in any engineering economy 
text book — such as Grant and Ireson (14) — one method of comparing 
alternative series of disbursements and receipts is the present worth 
method using an appropriate interest rate. 
The model developed for representing the utility company during 
the simulation is based on the results of statistical analysis of cost 
1 3 
d a t a f o r m a n y c o m p a n i e s . S i n c e t h i s s t u d y i n v o l v e s c o m p a n i e s o f 
v a r y i n g s i z e s i t i s n e c e s s a r y t o h a v e a c o m m o n f i g u r e f o r c o m p a r i s o n 
p u r p o s e s . O n e w h i c h s e e m s a p p r o p r i a t e i s c o s t p e r k i l o w a t t - h o u r g e n ­
e r a t e d , s i n c e i t i s t h i s f i g u r e w h i c h e f f i c i e n t m a n a g e m e n t i s s t r i v i n g 
t o k e e p a t a m i n i m u m , a n d f o r w h i c h t h e c u s t o m e r s a r e c h a r g e d . A 
m a n a g e m e n t d e s e r v i n g o f a r e w a r d f o r a n e f f i c i e n t o p e r a t i o n i s o n e 
w h i c h h a s m a i n t a i n e d a l o w e r c o s t p e r k i l o w a t t - h o u r g e n e r a t e d t h a n i t 
o t h e r w i s e m i g h t h a v e d o n e . 
L i m i t a t i o n s o f S t u d y 
I n d e v e l o p i n g t h e m o d e l i t i s n e c e s s a r y t o k e e p i n m i n d t h e 
p u r p o s e o f t h e s t u d y — t o d e t e r m i n e m a n a g e r i a l e f f i c i e n c y . T h u s i t 
s u f f i c e s t o i n c l u d e i n t h e m o d e l t h e a r e a s u n d e r m a n a g e m e n t c o n t r o l 
w h i c h m a k e s i g n i f i c a n t c o n t r i b u t i o n s t o c o s t s . I t i s n o t b e n e f i c i a l 
t o i n c l u d e o t h e r a r e a s i n o r d e r t o h a v e a " l a r g e " m o d e l o r t o m a k e i t 
a p p e a r m o r e " r e a l i s t i c . " O f n e c e s s i t y t h e n , a p a r t o f t h e r e s e a r c h 
m u s t d e t e r m i n e t h o s e a r e a s o f t h e c o m p a n y o p e r a t i o n w h i c h s h o u l d b e 
i n c l u d e d i n t h e m o d e l . T h i s i s b a s e d o n t h e r e s u l t s o f t h e s t a t i s t i c a l 
a n a l y s i s c o n d u c t e d i n C h a p t e r I I I . 
A l t h o u g h d a t a f o r 2 3 c o m p a n i e s i s u s e d i n t h e s t a t i s t i c a l 
a n a l y s i s , o n l y o n e c o m p a n y i s u s e d t o t e s t t h e v a l i d i t y o f t h e m o d e l . 
D a t a f o r t h i s c o m p a n y i s a l s o u s e d t o e x p l o r e t h e v a r i o u s a l t e r n a t i v e s 
f o r a r r i v i n g a t a m e a s u r e o f p e r f o r m a n c e . I n s e c u r i n g t h e d a t a f o r 
t h e s e a l t e r n a t i v e s i t i s n e c e s s a r y t o d e v e l o p s o m e h y p o t h e t i c a l d a t a 
b y e x t r a p o l a t i o n a n d i n t e r p o l a t i o n . T h i s l i m i t a t i o n o n t h e u s e o f 
a c t u a l d a t a w o u l d n o t b e a h a n d i c a p t o a r e g u l a t o r y b o d y i f t h i s 
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p r o c e d u r e w e r e t o b e a d o p t e d . I t w o u l d o n l y b e n e c e s s a r y t o a c c u m u ­
l a t e t h i s d a t a o v e r t h e p e r i o d o f t i m e w h i c h w o u l d l a t e r b e s i m u l a t e d . 
I t i s n o t t h e p u r p o s e o f t h i s s t u d y t o m a k e a n y s t a t e m e n t a s t o 
t h e m a n a g e r i a l p e r f o r m a n c e o f t h e o n e c o m p a n y u s e d f o r t e s t p u r p o s e s . 
T h e t e c h n i q u e f o r d o i n g s o i s d e v e l o p e d a n d i t s a p p l i c a t i o n w i l l b e 
i l l u s t r a t e d b y t h e u s e o f d a t a f o r t h i s p a r t i c u l a r c o m p a n y . T h e 
m o d e l a s d e v e l o p e d m i g h t r e q u i r e m o d i f i c a t i o n f o r a p p l i c a t i o n t o 
o t h e r c o m p a n i e s , s i n c e i t i s t a i l o r e d t o f i t t h e t e s t c o m p a n y . T h e 
o p e r a t i n g p o l i c i e s o f t h e m o d e l w o u l d r e m a i n t h e s a m e b u t t h e n u m b e r 
o f g e n e r a t i n g u n i t s m i g h t n e e d t o b e i n c r e a s e d . 
I t i s e x p e c t e d t h a t t h e b a s i c m o d e l o r a n e x p a n d e d v e r s i o n o f 
t h e b a s i c m o d e l w o u l d s e r v e f o r a n y c o m p a n y o p e r a t i n g u n d e r t h e j u r i s ­
d i c t i o n o f a s i n g l e r e g u l a t o r y b o d y , b a s e d u p o n t h e a s s u m p t i o n t h a t 
c o m p a n i e s w i t h i n t h i s a r e a a r e s u b j e c t t o s i m i l a r m a n a g e r i a l d e c i s i o n s 
a l o n g w i t h e x t e r n a l f a c t o r s w h i c h m a n a g e m e n t c a n n o t c o n t r o l b u t w i t h 
w h i c h t h e y m u s t a l l c o p e . F o r e x a m p l e , s o m e g e o g r a p h i c a l a r e a s a r e 
e x p e r i e n c i n g s p a s m o d i c g r o w t h r a t e s w h i l e o t h e r s m a y h a v e a v e r y 
s t e a d y g r o w t h . I f s u c h v a r y i n g c o n d i t i o n s a r e f o u n d a m o n g c o m p a n i e s 
o p e r a t i n g w i t h i n t h e s a m e j u r i s d i c t i o n o f a r e g u l a t o r y b o d y , t h e n p e r ­
h a p s t h e m o d e l w o u l d r e q u i r e m o d i f i c a t i o n . I t w o u l d s e e m f a i r t o 
r e c o g n i z e a n y a d d e d m a n a g e r i a l d i f f i c u l t y w h i c h o n e c o m p a n y m i g h t f a c e 
c o m p a r e d w i t h t h e o t h e r s . 
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C H A P T E R I I 
L I T E R A T U R E S U R V E Y 
P e r f o r m a n c e M e a s u r e m e n t 
S i m o n ( 3 0 ) i n h i s b o o k A d m i n i s t r a t i v e B e h a v i o r h a s a n i n t e r ­
e s t i n g d i s c u s s i o n o f e f f i c i e n c y . H e f e e l s t h a t t h e s c i e n t i f i c m a n a g e ­
m e n t m o v e m e n t a d d e d a n o t h e r m e a n i n g t o e f f i c i e n c y . I n q u o t i n g f r o m t h e 
E n c y c l o p e d i a o f t h e S o c i a l S c i e n c e s h e s a i d : 
T h e f o u n d a t i o n o f m o d e r n s c i e n t i f i c m a n a g e m e n t m a y b e 
d a t e d f r o m F . W . T a y l o r ' s p a p e r , ' A P i e c e R a t e S y s t e m ' 
i n w h i c h h e d e s c r i b e d h i s p i o n e e r m e t h o d o f e s t a b l i s h i n g 
s t a n d a r d s o f j o b p e r f o r m a n c e a t t h e M i d v a l e s t e e l p l a n t . 
W h e n s u c h s t a n d a r d s w e r e s e t , i t b e c a m e c u s t o m a r y t o r e f e r 
t o t h e r a t i o o f a c t u a l p e r f o r m a n c e t o t h e s t a n d a r d p e r f o r m ­
a n c e a s t h e e f f i c i e n c y o f l a b o r , a u s e s o m e w h a t d i f f e r e n t 
f r o m t h a t o f t h e m e c h a n i c a l e n g i n e e r s , w h o a p p l y t h e t e r m 
t o t h e r a t i o o f a c t u a l o u t p u t t o a n a c t u a l i n p u t . 
S i m o n g o e s o n t o s a y t h a t t h e c r i t e r i o n o f e f f i c i e n c y r e q u i r e s 
t h a t r e s u l t s b e m a x i m i z e d w i t h l i m i t e d r e s o u r c e s . A " g o o d " ( e f f i c i e n t ) 
p u b l i c l i b r a r y i s n o t o n e t h a t o w n s a l l t h e b o o k s t h a t h a v e e v e r b e e n 
p u b l i s h e d , b u t o n e t h a t h a s u s e d t h e l i m i t e d f u n d s w h i c h a r e a l l o w e d 
t o b u i l d u p a s g o o d a c o l l e c t i o n a s p o s s i b l e u n d e r t h e c i r c u m s t a n c e s . 
H a r r i n g t o n E m e r s o n ( 9 ) , a n o t h e r p i o n e e r i n t h e s c i e n t i f i c m a n ­
a g e m e n t m o v e m e n t , i s r e p o r t e d t o h a v e d e f i n e d e f f i c i e n c y a s " t h e r e l a ­
t i o n b e t w e e n w h a t i s a c c o m p l i s h e d a n d w h a t m i g h t b e a c c o m p l i s h e d . " I t 
i s p r e c i s e l y t h i s d e f i n i t i o n o f e f f i c i e n c y w h i c h i s u s e d i n t h i s s t u d y 
a n d f o r w h i c h a m e a s u r e i s s o u g h t . 
A s e a r c h o f t h e l i t e r a t u r e w a s m a d e t o d e t e r m i n e i f s u c h a 
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m e a s u r e o f p e r f o r m a n c e i s a v a i l a b l e , a n d , i f t h e r e i s n o t , t o s e e 
w h a t a t t e m p t s h a v e b e e n m a d e i n t h i s a r e a . 
A n e a r l y i n v e s t i g a t i o n i n t o t h e m e a s u r e m e n t o f i n d u s t r i a l 
e f f i c i e n c y w a s d o n e b y J . A , S c o t t ( 2 7 ) . M e m a d e m e n t i o n o f a n u m b e r 
o f e x i s t i n g m e t h o d s f o r a r r i v i n g a t a m e a s u r e m e n t o f e f f i c i e n c y , s o m e 
o f w h i c h w i l l b e d i s c u s s e d . T h e f i r s t i s T h e I n v e s t o r s o f S t o c k 
E x c h a n g e M e a s u r e m e n t , u s e d b y t h e s h a r e h o l d e r o r p o t e n t i a l s h a r e 
h o l d e r . T h e m e a s u r e m e n t s a r e m a i n l y b a s e d o n c o m p a r i s o n s w i t h p a s t 
r e s u l t s , t h e m o s t c o m m o n o n e s b e i n g : 1 ) p e r c e n t d i v i d e n d o n i s s u e d 
c a p i t a l , 2 ) p r e v i o u s n e t p r o f i t s , 3 ) p e r c e n t o f n e t p r o f i t t o n e t 
w o r t h , 4 ) p e r c e n t o f c u r r e n t a s s e t s t o c u r r e n t l i a b i l i t i e s , a n d 5 ) 
p e r c e n t o f e a c h a s s e t t o t o t a l a s s e t s . T h e m e a s u r e m e n t s a r e a l l c o n ­
c e r n e d e i t h e r w i t h t h e f i r m ' s c a p a c i t y t o e a r n p r o f i t s o r i t s f i n a n c i a l 
s t a b i l i t y . 
A n o t h e r m e a s u r e m e n t , s i m i l a r t o t h e f i r s t , i s T h e A u d i t o r ' s 
M e t h o d s o f M e a s u r e m e n t . I t c o n s i s t s o f r a t i o s o r p e r c e n t a g e s a s f o l ­
l o w s : 1 ) p e r c e n t n e t p r o f i t s t o s a l e s , 2 ) p e r c e n t g r o s s p r o f i t t o s a l e s , 
a n d 3 ) p e r c e n t s a l e s t o n e t w o r t h . T h e s e r a t i o s a r e s e p a r a t e d f r o m t h e 
f i r s t b e c a u s e h e f e l t t h a t t h e y i n v o l v e i n f o r m a t i o n n o t n o r m a l l y a v a i l ­
a b l e t o s h a r e h o l d e r s . T h i s i s n o t t r u e t o d a y s i n c e s u c h i n f o r m a t i o n 
i s a v a i l a b l e i n m o s t c o m p a n i e s ' a n n u a l r e p o r t s . T h e r e a r e n u m e r o u s 
o t h e r r a t i o s w h i c h m a y b e c a l c u l a t e d a n d w h i c h s e r v e v a r i o u s n e e d s . 
F o r a c o m p l e t e t r e a t m e n t o f r a t i o s a n d w h a t t h e y m e a n , t h e r e a d e r i s 
r e f e r r e d t o p u b l i c a t i o n s b y a n a l y s t s s u c h a s D u n a n d B r a d s t r e e t ( 3 8 ) . 
T h e W o r k s A c c o u n t a n t ' s B a s i s o f M e a s u r e m e n t m a y b e u n d e r t a k e n i n 
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l a r g e r c o n c e r n s w h e r e c o s t a c c o u n t a n t s a r e e m p l o y e d . T h e m e a s u r e m e n t s 
a r e o f t h e r a t e p e r t o n o r g a l l o n p r o d u c e d , o r a s p e r c e n t a g e t o s a l e s , 
o u t p u t , o r t o d i r e c t l a b o r . T h e y a r e t h e n c o m p a r e d w i t h p r e v i o u s r e s u l t s , 
o r , i n s o m e c a s e s , t o o t h e r s i m i l a r f i r m s w h e r e t h e i r c o m p i l a t i o n h a s 
b e e n c a r r i e d o u t o n a n i d e n t i c a l b a s i s . 
A n o t h e r t e c h n i q u e a d o p t e d f o r m e a s u r i n g e f f i c i e n c y i s c o m m o n l y 
k n o w n a s b u d g e t a r y c o n t r o l . T h i s m e a s u r e m e n t i s t h e c o m p a r i s o n o f t h e 
a c t u a l r e s u l t s o f o p e r a t i o n w i t h t h e b u d g e t . 
S c o t t ' s o w n c o n t r i b u t i o n t o t h i s f i e l d i s a m e t h o d h e c a l l s t h e 
F u n c t i o n a l S u r v e y . H e c l a i m s t h a t t h e t o t a l e f f i c i e n c y o f a b u s i n e s s 
i s a c o m b i n a t i o n o f t h e e f f i c i e n c y o f e a c h o f t h e s e b u s i n e s s f u n c t i o n s : 
l ) d e s i g n , 2 ) p u r c h a s i n g , 3 ) p r o d u c t i o n , 4 ) w a r e h o u s i n g a n d p a c k i n g , 
5 ) s e l l i n g a n d d i s t r i b u t i n g , 6 ) f i n a n c e , a n d 7 ) g e n e r a l a d m i n i s t r a t i v e 
a n d m a n a g e m e n t . S c o t t d e v e l o p s a q u e s t i o n n a i r e f o r e a c h o f t h e a b o v e 
f u n c t i o n s a n d a s s i g n s p o i n t s f o r e a c h q u e s t i o n , b r o k e n d o w n i n t o a 
s c a l e w i t h e l e v e n p o s s i b i l i t i e s . T h e p r o p o r t i o n o f p o i n t s t o b e a w a r d e d 
f o r v a r i o u s f a c t o r s p r e s e n t s a t h o r n y p r o b l e m . I t w o u l d b e d i f f i c u l t 
f o r e v e n t w o a u t h o r i t i e s t o a g r e e o n t h e a s s i g n m e n t o f p o i n t s , t h u s 
m a k i n g i t a l m o s t i m p o s s i b l e t o o b t a i n a d e f i n i t e i n d e x o f e f f i c i e n c y . 
A c c o r d i n g t o S c o t t , s o m e c o n s u l t i n g e n g i n e e r s c l a i m t h a t a f t e r 
t w o o r t h r e e d a y s s p e n t i n a g i v e n p l a n t , t h e y c a n r o u g h l y a s s e s s i t s 
r e l a t i v e p r o d u c t i v e e f f i c i e n c y . F o r e x a m p l e , " I s h o u l d t h i n k F a c t o r y B 
i s a b o u t 5 0 p e r c e n t e f f i c i e n t . " F a c t o r s o n w h i c h t h i s a p p r a i s a l w o u l d 
b e b a s e d i n c l u d e s u c h i t e m s a s p l a n t l a y o u t ; o f f i c e l a y o u t ; u s e o f 
f a c i l i t i e s ; l i g h t i n g , h e a t i n g , a n d v e n t i l a t i o n ; e m p l o y e e m o r a l e ; m a n a g e ­
m e n t m o r a l e ; e t c . I t i s p r o b a b l y t r u e t h a t a r e a s o n a b l e r e l a t i v e 
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p o s i t i o n m i g h t b e g l e a n e d b y t h e s e c o n s u l t a n t s , b u t s u c h a n a p p r o a c h 
i s f a r t o o u n c e r t a i n a n d s u b j e c t i v e t o s e r v e t h e p u r p o s e o f t h i s s t u d y . 
N o n e o f t h e a b o v e m e t h o d s , i n f a c t , h a v e m e t w i t h a n y d e g r e e o f s u c c e s s 
i n s p e c i f i c a l l y d e t e r m i n i n g t h e e f f i c i e n c y o f a f i r m . 
A n o t h e r p o i n t r a t i n g s y s t e m h a s b e e n d e v e l o p e d b y M a r t i n d e l l 
( 2 0 ) a n d i s c a l l e d t h e M a n a g e m e n t A u d i t P r o c e d u r e . T h i s i s a p r o c e d u r e 
f o r s y s t e m a t i c a l l y a n a l y z i n g a n d a p p r a i s i n g t h e o v e r a l l p e r f o r m a n c e o f 
m a n a g e m e n t . T h e A u d i t e x a m i n e s t e n c a t e g o r i e s o r f u n c t i o n s o f t h e 
o r g a n i z a t i o n a n d t h e r a t e r s u b j e c t i v e l y a s s i g n s a c e r t a i n n u m b e r o f 
p o i n t s t o e a c h c a t e g o r y t o r e f l e c t h i s r a t i n g . T h e t o t a l p o i n t s a r e 
t h e m e a s u r e o f t h e m a n a g e m e n t i n t h a t c o m p a n y . T h e s u b j e c t i v e n a t u r e 
o f a s s i g n i n g p o i n t s p r e c l u d e s a s a t i s f a c t o r y m e t h o d f o r e s t a b l i s h i n g 
a d e f i n i t e i n d e x o f e f f i c i e n c y . 
I n t h e a b s t r a c t s a n d i n d i c e s u n d e r a r e a s r e l a t e d t o m a n a g e r i a l 
p e r f o r m a n c e , m a n y a r t i c l e s a r e c o n c e r n e d w i t h t h e p e r f o r m a n c e o f m a n ­
a g e r s a n d i n d i v i d u a l s , o r e v e n g r o u p s , b u t n o t w i t h c o m p l e t e c o m p a n y 
o r g a n i z a t i o n s . A s d e t e r m i n e d f r o m a s e a r c h o f t h e s e a r t i c l e s , t h e c o n ­
v e n t i o n a l a p p r o a c h , i n w h i c h m a n a g e r s a r e p l a c e d i n t h e u n c o m f o r t a b l e 
p o s i t i o n o f " p l a y i n g G o d , " i s t h e o n e i n w h i c h t h e m a n a g e r a c t u a l l y 
j u d g e s a s u b o r d i n a t e ' s p e r f o r m a n c e . T h i s m e t h o d r e q u i r e s s k i l l a n d 
d e l i c a c y n o t p o s s e s s e d b y m a n y m a n a g e r s . M c G r e g o r ( 2 1 ) f e e l s t h a t n o 
m a n a g e r p o s s e s s e s n o r c o u l d a c q u i r e t h e s k i l l n e c e s s a r y t o c a r r y o u t t h i s 
r e s p o n s i b i l i t y e f f e c t i v e l y . A c t u a l l y , f e w w o u l d b e w i l l i n g t o a c c e p t 
i t i f t h e y w e r e f u l l y a w a r e o f t h e i m p l i c a t i o n s i n v o l v e d . 
A n e w a p p r o a c h t o t h i s c o n v e n t i o n a l m e t h o d i s P e t e r D r u c k e r ' s ( 8 ) 
c o n c e p t o f " M a n a g e m e n t b y O b j e c t i v e s . " T h i s a p p r o a c h r e q u e s t s t h e 
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s u b o r d i n a t e t o e s t a b l i s h s h o r t - t e r m p e r f o r m a n c e g o a l s f o r h i m s e l f . T h e 
s u p e r i o r ' s r o l e i s t o h e l p t h e m a n r e l a t e h i s s e l f - a p p r a i s a l a n d h i s 
p l a n s f o r t h e e n s u i n g p e r i o d t o t h e r e a l i t i e s o f t h e o r g a n i z a t i o n . 
S h a p t o n ( 2 8 ) p r o p o s e s a s i m i l a r a p p r o a c h w h e n h e c o n s i d e r s t h a t 
t h s r e a r e t w o m a i n a r e a s o f e n d e a v o r i n t h e d e v e l o p m e n t o f a f u n c t i o n a l 
m e a s u r e m e n t s p r o g r a m : 
1 ) T o e s t a b l i s h o b j e c t i v e s , s e t g o a l s w i t h i n t h e s e o b j e c t i v e s , 
m a k e p l a n s t o a c h i e v e t h e g o a l s , a n d m e a s u r e t h e r e s u l t s ; 
t h a t i s , t h e m e a s u r e m e n t o f a c h i e v e m e n t s i n r e l a t i o n t o 
g o a l s . 
2 ) T o d e v e l o p q u a n t i t a t i v e m e a s u r e m e n t s o f a c t i v i t y a p p l i c a b l e 
t o s p e c i f i c a r e a s w i t h i n a f u n c t i o n w h e r e v e r p o s s i b l e ; 
t h a t i s , t h e m e a s u r e m e n t o f i n d e x e s i n r e l a t i o n t o s t a n d a r d s . 
W h a t S h a p t o n s u g g e s t s t h a t f u n c t i o n a l m e a s u r e m e n t a c t u a l l y d o e s , i s i n 
e f f e c t , t o a s k e a c h f u n c t i o n t o d o a b e t t e r j o b ; t h a t i s , " w a l k t h e 
s e c o n d m i l e . " T h e q u a n t i t a t i v e m e a s u r e m e n t d o e s n o t a p p e a r t o b e s o m e ­
t h i n g w h i c h c o u l d b e u s e d b e t w e e n c o m p a n i e s , a n d p r o b a b l y n o t e v e n 
b e t w e e n d e p a r t m e n t s w i t h i n t h e s a m e f i r m . I t m u s t i n h e r e n t l y b e s u b ­
j e c t i v e i n n a t u r e , b a s e d o n s t a n d a r d s w h i c h a r e t h e r e s u l t o f o n e ' s 
j u d g m e n t . 
S c h l e h ( 2 6 ) f e e l s t h a t t h e m a i n p u r p o s e o f m e a s u r i n g m a n a g e m e n t 
i s t o i n d i c a t e t h e d i r e c t i o n t o w a r d w h i c h a n i n d i v i d u a l s h o u l d b e g o i n g 
a n d t o g i v e h i m e n c o u r a g e m e n t i n t h a t d i r e c t i o n . T h i s t h e m e i s e v i d e n t 
i n t h e p l a n s h e d i s c u s s e s . O t h e r t h a n t h e a p p r a i s a l s y s t e m w h i c h h a s 
b e e n n o t e d b e f o r e , h e r e f e r s t o t h e b u d g e t s y s t e m w h i c h S c o t t a l s o 
m e n t i o n e d . S c h l e h f e e l s s u c h s y s t e m s d r y u p i m a g i n a t i o n a n d i n i t i a t i v e ; 
a l s o , h e f e e l s t h a t m a n a g e r s o f t e n f i g h t f o r i n c r e a s e d b u d g e t s a n d t h e n 
m e r e l y t r y t o k e e p w i t h i n t h e m . 
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T h e A m e r i c a n M a n a g e m e n t A s s o c i a t i o n ( 4 1 ) q u e s t i o n s h o w f a r o n e 
c a n o r s h o u l d g o i n a r r i v i n g a t m a n a g e r i a l p e r f o r m a n c e s t a n d a r d s b a s e d 
o n n u m e r i c a l q u a n t i t i e s . F o r e x a m p l e , a c o m p a n y c o u l d d e c i d e t o u s e 
m o n e y a s t h e b a s i s f o r t h e s t a n d a r d s o f p e r f o r m a n c e f o r a p l a n t m a n a g e r . 
T h i s c o u l d b e d o n e b y a c a r e f u l l y c o n c e i v e d b u d g e t a r y s y s t e m w i t h p r e ­
d e t e r m i n e d c o s t s a n d a c c u r a t e e s t i m a t e s o f i n c o m e . B u t , i f , i n s t a y i n g 
w i t h i n h i s b u d g e t a n d p r o v i d i n g a s a t i s f a c t o r y i n c o m e , t h e p l a n t m a n a g e r 
c u t s m a i n t e n a n c e c o s t s s o s e v e r e l y t h a t h i s p r o d u c t i o n e q u i p m e n t f a l l s 
a p a r t l a t e r , h i s e a r l i e r " e f f i c i e n t p e r f o r m a n c e " w a s a c t u a l l y s u b s t a n d ­
a r d . T h i s c e r t a i n l y i n d i c a t e s t h a t p e r f o r m a n c e s t a n d a r d s d o n o t r e s u l t 
f r o m a b u d g e t a r y p e r i o d , b u t a r e d y n a m i c o v e r a l o n g e r p e r i o d o f t i m e , 
E v a n s ( 1 2 ) i s o n e w r i t e r w h o f e e l s t h a t m o n e y s h o u l d b e t h e c r i ­
t e r i a o f p e r f o r m a n c e . H e s a y s , " G o o d m a n a g e m e n t i s t h e k i n d t h a t m a k e s 
m o n e y , " a n d a l s o , " G o o d m a n a g e m e n t i s t h e t y p e t h a t s a v e s m o n e y , " A s 
d o m a n y o t h e r s , h e f e e l s t h a t o n e o f t h e m o s t v i t a l o b l i g a t i o n s o f 
m a n a g e m e n t i s t h a t o f a d e q u a t e l y r e w a r d i n g s t o c k h o l d e r s — t o r e t a i n 
p r e s e n t i n v e s t o r s a n d t o a t t r a c t n e w o n e s . T h e r e i s c e r t a i n l y n o a r g u ­
m e n t h e r e , b u t h e d o e s n o t p r o p o s e a m e t h o d o f c o n v e r t i n g t h i s f l o w o f 
m o n e y i n t o a m e a s u r e o f p e r f o r m a n c e . 
T h e u s e o f s o m e e x p r e s s i o n o f p e r f o r m a n c e r e f e r r i n g t o m o n e y i s 
n o t n e w . T h e e a r l y m e t h o d o f m e a s u r i n g e x e c u t i v e p e r f o r m a n c e w a s t o 
r e l a t e p r o f i t s t o t h e v o l u m e o f s a l e s , W e i n w u r m ( 3 4 ) i s o l a t e s a n u m b e r 
o f l i m i t a t i o n s t o t h i s m e a s u r e . A m o n g t h e m a r e t h e d i f f i c u l t y o f d e t e r ­
m i n i n g t h e " c o r r e c t " f i g u r e t o u s e f o r p r o f i t , t h e n u m b e r o f c i r c u m s t a n c e s 
b e y o n d m a n a g e r i a l c o n t r o l w h i c h a f f e c t p r o f i t , t h e d i f f e r e n t r e s u l t s 
d e p e n d i n g o n t h e t i m e p e r i o d s u r v e y e d , a n d t h e l a c k o f a t t e n t i o n g i v e n 
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t o t h e c a p i t a l i n v e s t e d i n t h e e n t e r p r i s e a n d t h e e a r n i n g r e q u i r e m e n t s 
o f t h e i n v e s t m e n t * 
A t t h e t i m e W e i n w u r m m a d e h i s v i e w s k n o w n , t h e B r i t i s h I n s t i ­
t u t e o f M a n a g e m e n t a n d t h e B r i t i s h P r o d u c t i v i t y C o u n c i l e s t a b l i s h e d a 
c e n t e r f o r i n t e r f i r m c o m p a r i s o n ( 3 6 ) ( 3 9 ) . T h e r e i s n o t h i n g n e w i n 
a n y o f t h e c r i t e r i a d e v e l o p e d . R a t i o s w e r e u s e d s i m i l a r t o t h o s e s u g ­
g e s t e d b e f o r e , i . e . , p r o f i t s t o s a l e s , p r o f i t s t o a s s e t s , e t c . T h e 
r a t i o w h i c h t h e y r e g a r d e d m o s t h i g h l y i s t h e r e t u r n o n r e a l c a p i t a l 
e m p l o y e d i n t h e b u s i n e s s . I n u s i n g t h i s r a t i o t h e r e i s s t i l l t h e n e e d 
t o d e t e r m i n e p r o f i t , a s w e l l a s t h e a m o u n t o f c a p i t a l i n v e s t e d . W e i n w u r m 
f e e l s t h a t c u r r e n t a c c o u n t i n g p r a c t i c e s d o n o t f u r n i s h a d e q u a t e i n f o r m a ­
t i o n t o d e t e r m i n e t h e a m o u n t o f c a p i t a l i n v e s t e d i n a p a r t i c u l a r e n t e r ­
p r i s e . 
T h e I n t e r f i r m C o m p a r i s o n c e n t e r a l s o a c c u m u l a t e s i n f o r m a t i o n 
w h i c h e n a b l e s c o m p e t i t o r s t o c o m p a r e p a r t i c u l a r a s p e c t s o f c u r r e n t 
o p e r a t i o n s . F o r e x a m p l e , t h e t i m e t a k e n t o m a k e a s t a n d a r d p r o d u c t b y 
o n e c o m p a n y m a y b e c o m p a r e d t o t h e t i m e a c o m p e t i t o r t a k e s t o m a k e t h e 
s a m e p r o d u c t * T h i s c o m p a r i s o n , o f c o u r s e , p r o v i d e s o n l y a r e l a t i v e 
m e a s u r e a n d d o e s n o t r e a l l y p r o v i d e a m e a s u r e o f p e r f o r m a n c e . 
A m e t h o d t y p i c a l o f m a n y i s P e r f o r m a n c e A n a l y s i s d e v e l o p e d b y 
E d w a r d s ( l l ) . H e w a s c o n c e r n e d w i t h t h e v o l u m e o f w o r k p e r f o r m e d a n d 
t h e m a n p o w e r u t i l i z e d . A c c o r d i n g t o E d w a r d s h i s m e t h o d a c c o m p l i s h e d 
s u c h p u r p o s e s a s i m p r o v i n g m a n a g e m e n t , c o n t r o l l i n g b a c k l o g s o f w o r k , 
a n d b e t t e r s c h e d u l i n g o f w o r k . A t t h e o u t s e t o f h i s a n a l y s i s , r e p o r t s 
w e r e c o l l e c t e d c o n t a i n i n g i n f o r m a t i o n o n t h e a m o u n t o f w o r k d o n e a n d 
t h e t i m e s p e n t . T h e s e r e p o r t s w e r e u s e d f o r e s t a b l i s h i n g s t a t i s t i c a l 
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p e r f o r m a n c e s t a n d a r d s . A f t e r t h e s t a n d a r d s w e r e e s t a b l i s h e d , a p e r i o d i c 
m e a s u r e o f o u t p u t w a s c o m p a r e d w i t h t h e s t a n d a r d o u t p u t t o p r o v i d e a 
p e r f o r m a n c e e f f e c t i v e n e s s m e a s u r e . A c h a r t w a s m a i n t a i n e d b y m o n t h s 
s h o w i n g t h e s t a t u s o f t h e e n t i r e o r g a n i z a t i o n . T h i s a p p r o a c h c e r t a i n l y 
p r o v i d e s a n i n d i v i d u a l c o m p a n y w i t h i n f o r m a t i o n w h i c h c a n b e h e l p f u l , 
b u t i t w o u l d n o t s e r v e f o r c o m p a r i s o n o f s e p a r a t e f i r m s , s i n c e i t w o u l d 
n o t b e a v a l i d s t a n d a r d f o r a n y t y p e o f r i g o r o u s u s e . 
A n o t h e r a p p r o a c h t o t h e m e a s u r e m e n t o f r e l a t i v e p e r f o r m a n c e 
c o n s i s t s o f e s t i m a t i n g a g i v e n u t i l i t y ' s r e a l p r o d u c t i v i t y a n d c o m p a r ­
i n g t h i s w i t h a s t a n d a r d . T h e t e r m " p r o d u c t i v i t y " h a s b e e n u s e d t o d e s ­
c r i b e t h e r e l a t i o n s h i p b e t w e e n o u t p u t a n d a n y o r a l l o f t h e a s s o c i a t e d 
i n p u t s . B a r z e l ( l ) a n d K e n d r i c k a n d C r e a m e r ( 1 7 ) h a v e e x a m i n e d t h e 
a p p r o p r i a t e n e s s o f t h e o u t p u t - p e r - u n i t o f i n p u t t e c h n i q u e a s a m e a s u r e 
o f p r o d u c t i v i t y c h a n g e . A c c o r d i n g t o B a r z e l , w o r k i n g s p e c i f i c a l l y i n 
t h e e l e c t r i c p o w e r i n d u s t r y , t h e e f f e c t s o f e c o n o m i e s o f s c a l e p r o v e d 
t o b e t h e s i g n i f i c a n t r e a s o n f o r p r o d u c t i v i t y i n c r e a s e o t h e r t h a n t e c h ­
n i c a l a d v a n c e m e n t . A l l o w i n g f o r t h e s e e f f e c t s , h e c o n c l u d e d t h a t p r o ­
d u c t i v i t y m e a s u r e s w e r e s a t i s f a c t o r y i n t h e e l e c t r i c u t i l i t i e s . 
T h e p r o b l e m w i t h t h i s a p p r o a c h i s t h a t i t i s s t i l l a r e l a t i v e 
m e a s u r e o f e f f i c i e n c y . S h o u l d t h e h i s t o r i c a l p e r f o r m a n c e o f t h e p a r ­
t i c u l a r f i r m b e t a k e n a s t h e s t a n d a r d ? O r s h o u l d s o m e s t a t i s t i c a l a v e r ­
a g e o f a g r o u p o f f i r m s b e u t i l i z e d ? I t a p p e a r s t h a t r e g a r d l e s s o f h o w 
t h e s t a n d a r d i s d e t e r m i n e d i t c a n n o t b e c e r t a i n t h a t i t i s t h e e x a c t 
o n e . 
D r u c k e r ( 8 ) d e v e l o p s a m e a s u r e w h i c h h e c a l l s C o n t r i b u t e d 
V a l u e . T h i s i s t h e d i f f e r e n c e b e t w e e n t h e g r o s s r e v e n u e r e c e i v e d b y a 
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c o m p a n y f r o m t h e s a l e o f i t s p r o d u c t s o r s e r v i c e s , a n d t h e a m o u n t p a i d 
o u t b y i t f o r t h e p u r c h a s e o f r a w m a t e r i a l s a n d f o r s e r v i c e s r e n d e r e d 
b y o u t s i d e s u p p l i e r s . I n o t h e r w o r d s , i t i n c l u d e s a l l t h e c o s t s o f 
a l l t h e e f f o r t s o f t h e b u s i n e s s a n d t h e e n t i r e r e w a r d r e c e i v e d f o r 
t h e s e e f f o r t s . I t i s s i m i l a r t o a n e c o n o m y s t u d y w h i c h c o n s i d e r s a c t u a l 
c a s h f l o w s b u t n o t b o o k t r a n s a c t i o n s o r r e s u l t s g e n e r a t e d b y t h e a c c o u n t ­
i n g d e p a r t m e n t . I t w o u l d b e n e c e s s a r y t o c o n s i d e r a l o n g p e r i o d o f 
t i m e t o o b t a i n a n a c c u r a t e p i c t u r e o f p e r f o r m a n c e . T h e p r o b l e m a s s o ­
c i a t e d w i t h d e t e r m i n i n g a s t a n d a r d f o r t h e p r o d u c t i v i t y m e t h o d w o u l d 
a l s o b e a p r o b l e m i n t h i s m e t h o d . 
A t e c h n i q u e d e v e l o p e d b y I u l o ( 1 5 ) i s a d i f f e r e n t a n d r e c e n t 
a p p r o a c h t o t h e d e v e l o p m e n t o f a m e a s u r e o f p e r f o r m a n c e , a n d i s c o n ­
c e r n e d o n l y w i t h e l e c t r i c u t i l i t i e s . I u l o f e e l s t h a t i n a n i n d u s t r y 
a s c o m p l e x a s e l e c t r i c u t i l i t i e s i t i s r a t h e r d i f f i c u l t t o s a y t h a t a 
c o m p a n y h a s a c h i e v e d 9 0 p e r c e n t p e r f e c t i o n , o r 5 0 p e r c e n t , o r o n l y 1 0 
p e r c e n t . F o r t h i s r e a s o n h e h a s c h o s e n t o m e a s u r e r e l a t i v e e f f i c i e n c y ; 
i . e . , w h i c h o n e s o u t o f a g r o u p o f c o m p a n i e s a r e i n t h e t o p 1 0 p e r c e n t , 
w h i c h o n e s a r e i n t h e b o t t o m 1 0 p e r c e n t , e t c . T h e p o s i t i o n w i t h i n t h e 
s p e c t r u m o f e f f i c i e n c y o c c u p i e d b y a p a r t i c u l a r c o m p a n y c a n b e c o m p a r e d 
t o t h e i n d u s t r y a v e r a g e , t o t h e b e s t u t i l i t y , o r t o s o m e o t h e r p o i n t . 
T h e a p p r o a c h u s e d w a s t o e x a m i n e b e t w e e n 3 0 a n d 4 0 f a c t o r s w h i c h 
s e e m e d t o b e i m p o r t a n t , w e r e m e a s u r a b l e , a n d w e r e r e l a t i v e l y i n s e n s i t i v e 
t o s h o r t r a n g e m a n a g e r i a l a c t i o n . F u r t h e r i n v e s t i g a t i o n l e d t o t h e 
i s o l a t i o n o f s e v e n f a c t o r s w h i c h s e e m e d t o h a v e t h e h e l p f u l p r o p e r t y 
o f a c c o u n t i n g f o r a b o u t 7 5 - 8 0 p e r c e n t o f a l l u n i t c o s t v a r i a t i o n s 
a m o n g t h e c o m p a n i e s s t u d i e d f o r t h e y e a r s 1 9 5 2 t h r o u g h 1 9 5 7 . 
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T h e s e v e n f a c t o r s f o u n d t o b e s i g n i f i c a n t l y r e l a t e d t o u n i t 
e l e c t r i c c o s t s w e r e : 
( 1 ) t h e s i z e o f t h e s t e a m - e l e c t r i c g e n e r a t i n g s t a t i o n s o f 
i n d i v i d u a l u t i l i t i e s ; 
( 2 ) t h e c a p a c i t y o f u t i l i z a t i o n o f i n d i v i d u a l u t i l i t i e s ; 
( 3 ) t h e l e v e l o f s t e a m - e l e c t r i c f u e l c o s t s i n t h e a r e a 
s e r v e d b y i n d i v i d u a l u t i l i t i e s ; 
( 4 ) t h e l e v e l o f h y d r o e l e c t r i c " f u e l " c o s t s o f i n d i v i d u a l 
u t i l i t i e s ; 
( 5 ) t h e d i s t r i b u t i o n o f t h e m a r k e t a m o n g c o n s u m e r c l a s s i f i ­
c a t i o n s o f i n d i v i d u a l u t i l i t i e s ; 
( 6 ) t h e a v e r a g e c o n s u m p t i o n o f e n e r g y p e r c o m m e r c i a l a n d 
i n d u s t r i a l c o n s u m e r o f i n d i v i d u a l u t i l i t i e s ; a n d 
( 7 ) t h e a v e r a g e c o n s u m p t i o n o f e n e r g y p e r r e s i d e n t i a l 
c u s t o m e r o f i n d i v i d u a l u t i l i t i e s . 
T h e s e f a c t o r s w e r e t h e n u s e d t o d e v e l o p a n " e s t i m a t e d s t a n d a r d 
c o s t " f o r e a c h p a r t i c u l a r u t i l i t y i n e a c h y e a r o f t h e s t u d y , b a s e d o n 
a v e r a g e f i g u r e s f o r a l l t h e u t i l i t i e s . T h e a c t u a l u n i t c o s t s o f t h e 
c o m p a n y w e r e t h e n c o m p a r e d w i t h t h i s — t h e h y p o t h e s i s b e i n g t h a t a 
u t i l i t y w h o s e a c t u a l u n i t c o s t s w e r e c o n s i s t e n t l y a b o v e t h e s e s t a n d ­
a r d i z e d e s t i m a t e d c o s t s w o u l d b e r e l a t i v e l y i n e f f i c i e n t a n d o n e w h o s e 
a c t u a l u n i t c o s t s w e r e c o n s i s t e n t l y b e l o w w o u l d b e e f f i c i e n t . 
T h e r e s u l t s o f I u l o ' s s t u d y a r e p r e s e n t l y i n d i c a t i v e r a t h e r 
t h a n f i n a l . O n e p r o b l e m w h i c h c o u l d a r i s e i s t h a t o f d e a l i n g w i t h a 
c o m p a n y w h i c h i n d i c a t e d a w i d e v a r i a t i o n — a l a r g e d i f f e r e n c e b e t w e e n 
t h e e s t i m a t e d a n d a c t u a l u n i t c o s t s . T h i s c o u l d i n d i c a t e t h a t s o m e 
o t h e r f a c t o r o r f a c t o r s w e r e o p e r a t i n g w h i c h w e r e n o t a m o n g t h e s e v e n 
o r i g i n a l f a c t o r s . S h o u l d t h i s c o m p a n y b e r e m o v e d f r o m t h e s t u d y o r 
s h o u l d t h e f a c t o r o r f a c t o r s b e d e t e r m i n e d a n d c o n s i d e r e d f o r a l l t h e 
o t h e r c o m p a n i e s ? 
I n c o n n e c t i o n w i t h t h e s t a n d a r d , i t s h o u l d b e o b s e r v e d t h a t i t 
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i s a r e s u l t of the average values for a l l the companies included in the 
study for each f a c t o r . This produces a r e l a t i v e measure instead of an 
absolute one. Taking s t a t i s t i c a l r e s u l t s of a large number of companies 
and using these t o make statements about the indiv idual companies does 
not appear to be a s a t i s f a c t o r y bas is by which a commission could oper­
a te a reward system for e f f i c i e n c y . 
Thus there have been many methods and systems proposed for d e t e r ­
mining the e f f e c t i v e n e s s , or for appraising the r e s u l t s of an organiza­
t i o n . Some have obvious f a u l t s , while others appear s a t i s f a c t o r y to some 
degree. But preventing them from providing a t rue measure of performance 
there i s one common f a i l u r e — the standard. As Brown (3) s ta t ed , "We 
can never be e n t i r e l y sure t h a t the most successful e n t e r p r i s e might not , 
under other condit ions , have been more successful ." 
Simulation 
I t was the o b j e c t i v e of t h i s research to develop a method whereby 
t h i s standard might be determined — a standard which represents a l e v e l 
of operation which the firm could have been expected to achieve . Since 
t h i s method chosen involves d i g i t a l computer s imulation, i t was f e l t tha t 
a search of t h i s l i t e r a t u r e would be worthwhile. 
With the advent of e l ec t ron ic computers, there has been a con­
s iderab le increase in the number of simulation studies of complex indus­
t r i a l operat ions . Formerly the labor of hand computation precluded the 
inves t iga t ion of any but the simplest systems, and otherwise r e s t r i c t e d 
the use of the simulation model to a s ing le p lant conf igurat ion. Because 
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o f i t s g r e a t p o s s i b i l i t i e s , s i m u l a t i o n i s b e i n g h a i l e d a s o n e o f t h e 
d e c a d e s g r e a t a d v a n c e s i n t h e s c i e n c e o f b u s i n e s s m a n a g e m e n t . 
S i m u l a t i o n p r o v i d e s t h e a b i l i t y t o o p e r a t e s o m e p a r t i c u l a r 
p h a s e o f a b u s i n e s s o n p a p e r o r i n a c o m p u t e r f o r a p e r i o d o f t i m e . 
T h i s e n a b l e s v a r i o u s a l t e r n a t i v e s t o b e t e s t e d . M a n a g e m e n t c a n t h e n 
e v a l u a t e t h e r e s u l t s o f t h e v a r i o u s a l t e r n a t i v e s a n d m a k e b e t t e r o p e r ­
a t i n g d e c i s i o n s . I t c a n l e a r n r e s u l t s b e f o r e t h e y h a p p e n . A s h a s 
b e e n p o i n t e d o u t b e f o r e , s y s t e m s i m u l a t i o n b y d i g i t a l c o m p u t e r o f f e r s 
t h e a n a l y s t a l a b o r a t o r y d e v i c e f o r o b s e r v i n g a m o d e l o f a s y s t e m i n 
a c t i o n . 
A s a n i n d i c a t i o n o f w h a t s i m u l a t i o n h a s b e e n u s e d f o r u p t o 
t h e p r e s e n t . T h e a u t h o r o f f e r s t h e f o l l o w i n g e x a m p l e s . T h e H . J . 
H e i n z C o m p a n y ( 2 9 ) h a s u s e d s i m u l a t i o n w i t h s u c h e f f e c t i v e n e s s t h a t a 
w h o l e n e w a p p r o a c h t o a c h i e v i n g t h e l o w e s t p r a c t i c a l c o s t s o f d i s t r i b u ­
t i o n h a s r e s u l t e d . T h e m o d e l r e p r e s e n t i n g t h e d i s t r i b u t i o n s y s t e m t a k e s 
i n t o a c c o u n t e a c h o f t h e i m p o r t a n t f a c t o r s i n v o l v e d : t r a n s p o r t a t i o n 
r a t e s t r u c t u r e s , w a r e h o u s e o p e r a t i n g c o s t s , t h e c h a r a c t e r i s t i c s o f 
c u s t o m e r d e m a n d s , c o s t s o f l a b o r a n d c o n s t r u c t i o n , f a c t o r y l o c a t i o n s , 
p r o d u c t m i x , e t c . 
S i n c e t h e m o d e l r e p r e s e n t s t h e e s s e n t i a l p a r t s o f t h e a c t u a l 
d i s t r i b u t i o n s y s t e m , i t p e r m i t s t h e o p e r a t i o n o f t h e s y s t e m i n s u c h a 
w a y t h a t a y e a r ' s t r a n s a c t i o n s c a n b e s t u d i e d u n d e r c l o s e s c r u t i n y . 
V a r i o u s a l t e r n a t i v e s c a n b e e v a l u a t e d p r i o r t o t h e i r i n s t a l l a t i o n i n 
t h e r e a l d i s t r i b u t i o n s y s t e m . 
A n o t h e r s i m u l a t i o n p r o c e s s w a s d e v e l o p e d a t t h e E l S e g u n d o 
D i v i s i o n o f H u g h e s A i r c r a f t C o m p a n y ( 1 8 ) w h e r e b y a c t u a l s h o p o p e r a t i n g 
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d a t a c o n t a i n e d i n a n e x i s t i n g d a t a p r o c e s s i n g s y s t e m i s u s e d a s i n p u t 
t o a n I B M 7 0 9 0 c o m p u t e r . T h e p r o c e s s f o r s i m u l a t i o n o f t h e E l S e g u n d o 
F a b r i c a t i o n S h o p w a s u s e d a s a s t u d y t o o l t o e v a l u a t e t h e e f f e c t s o f 
v a r i o u s m a n a g e m e n t d e c i s i o n s o n t h e o p e r a t i o n o f t h e s h o p . 
T h e r e a r e o t h e r e x a m p l e s c i t e d i n t h e b i b l i o g r a p h y ( 7 ) , ( 1 0 ) , 
( 2 5 ) , ( 4 5 ) a n d m a n y m o r e u n c i t e d e x a m p l e s i n w h i c h s i m u l a t i o n t e c h ­
n i q u e s a r e e m p l o y e d . I n a d d i t i o n t o m a n u f a c t u r i n g o p e r a t i o n s i t h a s 
b e e n u s e d t o s t u d y s u c h c o m p l e x p r o b l e m s a s m i l i t a r y s t r a t e g y , t r a f f i c 
c o n t r o l , a n d o t h e r p r o c e s s e s w h i c h d o n o t l e n d t h e m s e l v e s t o a n a l y s i s 
b y o t h e r t e c h n i q u e s . 
W h e n t a l k i n g a b o u t l a r g e - s c a l e d i g i t a l c o m p u t e r s u s e d i n s i m u ­
l a t i o n w o r k , o n e p o i n t s h o u l d b e k e p t i n m i n d . A l t h o u g h c o m p u t e r s a r e 
f r e q u e n t l y c a l l e d " e l e c t r o n i c b r a i n s " t h e y a r e b y n o m e a n s " t h i n k i n g 
m a c h i n e s " i n t h e h u m a n s e n s e , A c o m p u t e r i s m e r e l y a m a t h e m a t i c a l 
" b e a s t o f b u r d e n " w h i c h w i l l d o o n l y w h a t i t i s s p e c i f i c a l l y t o l d t o 
d o . B u t i t d o e s i t s a s s i g n e d j o b w i t h a s p e e d a n d a c c u r a c y f a r b e y o n d 
a n y o t h e r k n o w n m e a n s . I n s t r u c t i o n s t o t h e c o m p u t e r m u s t b e p r e c i s e 
a n d d e t a i l e d . T h e s e a r e c a l l e d t h e c o m p u t e r p r o g r a m . 
T h e e x a m p l e s c i t e d h a v e u s e d p r o g r a m s d e s i g n e d s p e c i f i c a l l y t o 
h a n d l e t h e p a r t i c u l a r p r o b l e m i n v o l v e d . T o s p a r e t h e a u t h o r t h e l a b o r 
o f d e s i g n i n g a c o m p u t e r c o m p i l e r l a n g u a g e , a n a v a i l a b l e s i m u l a t i o n 
c o m p i l e r l a n g u a g e c a l l e d " D y n a m o " w a s u s e d , a l o n g w i t h i t s a s s o c i a t e d 
p r o g r a m l a n g u a g e . T h i s s i m u l a t i o n l a n g u a g e w a s d e v e l o p e d i n c o n j u n c t i o n 
w i t h t h e d e v e l o p m e n t o f I n d u s t r i a l D y n a m i c s b y P r o f e s s o r J a y W , F o r r e s t e r 
a t t h e M I T S c h o o l o f I n d u s t r i a l M a n a g e m e n t , 
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I n d u s t r i a l D y n a m i c s i s a p h i l o s o p h y w h i c h a s s e r t s t h a t o r g a n i ­
z a t i o n s a r e m o s t e f f e c t i v e l y v i e w e d f r o m t h e c o n t r o l s y s t e m p e r s p e c t i v e , 
a n d t r e a t s t h e o r g a n i z a t i o n a s a s y s t e m o f f l o w s , ( A c o m p l e t e d e s c r i p ­
t i o n o f I n d u s t r i a l D y n a m i c s i s p u b l i s h e d i n a b o o k b y F o r r e s t e r t i t l e d 
I n d u s t r i a l D y n a m i c s ( 1 3 ) . ) D e c i s i o n s a r e v i e w e d a s t h e c o n t r o l l e r s 
o f t h e s e f l o w s . A s R o b e r t s ( 2 4 ) e x p l a i n s i t a n d a s F i g u r e 2 i n d i c a t e s , 
a d e c i s i o n i s b a s e d i n p a r t o n i n f o r m a t i o n a b o u t t h e c o n t e n t s o f t h e 
s o u r c e l e v e l , a n d o n o t h e r i n f o r m a t i o n — t h u s c o n t r o l l i n g t h e r a t e o f 
f l o w t o t h e d e s t i n a t i o n l e v e l . T h e f l o w s m a y i n v o l v e m e n , m o n e y , m a t e r ­
i a l , o r d e r s , c a p i t a l e q u i p m e n t , a n d i n f o r m a t i o n . 
S o u r c e 
L e v e l 
( O t h e r I n f o r m a ­
t i o n I n p u t s ) 
R a t e 
o f 
F l o w 
D e s t i n a t i o n 
L e v e l 
D e c i s i o n 
F i g u r e 2 . T h e D e c i s i o n a s a C o n t r o l l e r , 
I n d u s t r i a l D y n a m i c s i s d e s i g n e d t o e n a b l e m a n a g e m e n t t o v i e w 
t h e b e h a v i o r i n c e r t a i n f u n c t i o n s , a n d t h e n t o s e e t h e e f f e c t s o n t h i s 
b e h a v i o r r e s u l t i n g f r o m c h a n g e i n t r o d u c e d i n a n o t h e r f a c t o r i n t h e s y s ­
t e m . A n a n a l y s i s o f t r e n d s a n d p a t t e r n s i s t h u s p o s s i b l e . I t i s n o t 
i n t e n d e d t h a t s p e c i f i c n u m e r i c a l i n f o r m a t i o n r e g a r d i n g a n y o n e f a c t o r 
w i l l b e p r o d u c e d . 
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D y n a m o w a s d e v e l o p e d t o f a c i l i t a t e t h e a p p l i c a t i o n o f I n d u s ­
t r i a l D y n a m i c s a f t e r t h e m o d e l h a s b e e n c o n s t r u c t e d . I t s u s e i s 
e x p l a i n e d i n c o m p l e t e d e t a i l i n a m a n u a l e n t i t l e d " D y n a m o U s e r s M a n u a l " 
( 2 3 ) . W i t h t h i s p r o g r a m l a n g u a g e a m o d e l m i g h t b e s i m u l a t e d o n a n I B M 
7 0 9 4 c o m p u t e r e n a b l i n g t e n y e a r s o p e r a t i o n b y m o n t h s t o b e p e r f o r m e d i n 
3 0 s e c o n d s . N o t o n l y i s t h e s p e e d t r e m e n d o u s b u t a l s o t h e m o d e l s i z e 
m a y b e e x t r e m e l y l a r g e . T h e l a r g e s t m o d e l t h a t D y n a m o c a n h a n d l e i s 
o n e c o n s i s t i n g o f a b o u t 2 0 0 0 e q u a t i o n s . 
S i n c e t h i s s t u d y r e c r e a t e d a h i s t o r i c a l o p e r a t i o n , i t i s n o t a n 
I n d u s t r i a l D y n a m i c s s t u d y . H o w e v e r , t h e s i m p l i f i e d s i m u l a t i o n l a n g u a g e 
o f D y n a m o d i d m a k e i t s u s e d e s i r a b l e . F o r t h e r e a d e r , a k n o w l e d g e o f 
I n d u s t r i a l D y n a m i c s i s n o t n e c e s s a r y , b u t a k n o w l e d g e o f t h e D y n a m o 
l a n g u a g e m a y b e o f i n t e r e s t . A s i m p l i f i e d d i s c u s s i o n o f D y n a m o i s p r e ­
s e n t e d i n A p p e n d i x D . 
S u m m a r y 
T h i s l i t e r a t u r e s e a r c h m a y b e c o n c l u d e d w i t h t h e f o l l o w i n g 
s t a t e m e n t s : 
1 . T h e r e e x i s t s n o m e a s u r e o f p e r f o r m a n c e t h a t c a n s e r v e a s a 
s a t i s f a c t o r y b a s i s u p o n w h i c h a r e g u l a t o r y c o m m i s s i o n c o u l d b u i l d a s y s ­
t e m o f r e w a r d s f o r m a n a g e r i a l e f f i c i e n c y . 
2 . W i t h t h e a d v e n t o f h i g h - s p e e d d i g i t a l c o m p u t e r s a n d a s s o ­
c i a t e d s i m u l a t i o n l a n g u a g e s , s u c h a s D y n a m o , i t i s p o s s i b l e t o d e v e l o p 
a m o d e l o f a u t i l i t y c o m p a n y a n d t o s i m u l a t e i t s o p e r a t i o n o v e r t i m e , 
e n a b l i n g t h e a c h i e v e m e n t o f a s a t i s f a c t o r y m e a s u r e o f p e r f o r m a n c e . 
3 . T h i s r e s e a r c h w i l l s e r v e t o e x t e n d t h e b o u n d s o f k n o w l e d g e 
i n t h i s a r e a . 
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CHAPTER I I I 
COST A N A L Y S I S OF ELECTRIC U T I L I T I E S 
I n t r o d u c t i o n 
O v e r a p e r i o d o f t i m e c e r t a i n m a j o r a r e a s o f u t i l i t y o p e r a t i o n s 
a c c o u n t f o r a s i g n i f i c a n t p o r t i o n o f t o t a l o p e r a t i n g e x p e n s e s a n d c a p i t a l 
o u t l a y s . B y e x a m i n i n g a common f a c t o r s u c h a s c o s t p e r k i l o w a t t - h o u r 
g e n e r a t e d , t h e r e s e a r c h e r c a n f i n d v a r i a t i o n b e t w e e n c o m p a n i e s i n b o t h 
t o t a l c o s t a n d i n v a r i o u s c o m p o n e n t s o f t o t a l c o s t . T h i s v a r i a t i o n 
r e s u l t s f r o m m a n y f a c t o r s , i n c l u d i n g m a n a g e r i a l a b i l i t y . 
T h e a r e a w i t h i n a u t i l i t y o r g a n i z a t i o n t o b e r e p r e s e n t e d b y t h e 
m a t h e m a t i c a l m o d e l i s s e l e c t e d u s i n g t h r e e c r i t e r i a . F i r s t , t h e a r e a 
m u s t m a k e u p a s i g n i f i c a n t p o r t i o n o f t h e t o t a l o p e r a t i n g e x p e n s e s . 
S e c o n d , i t m u s t a c c o u n t f o r a s i g n i f i c a n t p o r t i o n o f t h e t o t a l p l a n t 
i n v e s t m e n t , a n d t h i r d , i t m u s t b e r e s p o n s i b l e f o r a l a r g e p a r t o f t h e 
t o t a l v a r i a t i o n i n c o s t p e r k i l o w a t t - h o u r g e n e r a t e d . 
U n i f o r m S y s t e m o f A c c o u n t s 
I n a d i s c u s s i o n o f r e g u l a t o r y b o d i e s i n C h a p t e r I , i t w a s e m p h a ­
s i z e d t h a t c o m m i s s i o n s a r e t h e g o v e r n i n g b o d i e s a t t h e s t a t e l e v e l f o r 
t h e r e g u l a t i o n o f p u b l i c u t i l i t i e s . I t h a s b e e n q u i t e common i n m a n y 
s t a t e s f o r t h e c o m m i s s i o n a l s o t o h a v e j u r i s d i c t i o n o v e r t h e r a i l r o a d s . 
T h u s , m a n y c o m m i s s i o n s a r e f r e q u e n t l y r e f e r r e d t o a s r a i l r o a d a n d p u b l i c 
u t i l i t i e s c o m m i s s i o n s . T o b e o f m u t u a l a s s i s t a n c e , t h e s t a t e c o m m i s s i o n e r s 
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have formed an association called The National Association of Railroad 
and Utilities Commissioners, frequently referred to as NARUC. 
One of the goals of NARUC, which has been very successfully 
achieved, was the development of a uniform system of accounting, with 
subsequent revisions. At the 1958 Annual Convention of the National 
Association of Railroad and Utilities Commissioners, the following reso 
lution was adopted (44): 
. WHEREAS, the Committee on Accounts and Statistics of 
this Association, after extended study and many confer­
ences, recommends certain changes in the uniform system 
of accounts for electric utilities heretofore adopted by 
this Association, as set forth in a draft dated October 1, 
1958, of a Revised Uniform System of Accounts for electric 
utilities including accounts for nuclear power operations, 
which has been presented by said Committee to the Associa­
tion; and 
WHEREAS, this Association believes that uniformity in 
utility accounting is most desirable in the public interest; 
RESOLVED, that the Revised Uniform System of Accounts for 
electric utilities submitted by said Committee be recommended 
to the Commissions represented in the membership of this 
Association for consideration, and for adoption in their 
respective jurisdictions, with such modifications only as 
they may deem necessary in the public interest. 
Due to the interest of all State Commissions and their desire 
to have uniformity in utility accounting, this goal has been achieved 
and is maintained. Uniformity is especially valuable to this type of 
research — where data from utilities all across the United States are 
compared. 
For privately owned electric utilities the operating expense 
accounts are divided into six areas as follows; l) power production 
expenses, 2) transmission expenses, 3) distribution expenses, 4) cus­
tomer accounts expenses, 5) sales expenses, and 6) administrative and 
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g e n e r a l e x p e n s e s . T h u s t h e t o t a l o p e r a t i o n a n d m a i n t e n a n c e e x p e n s e i s 
t h e s u m o f t h e s e s i x a c c o u n t s . T h e d e t a i l s o f a l l i t e m s w h i c h a p p e a r 
i n e a c h o f t h e a c c o u n t s i s o u t l i n e d i n t h e l a t e s t p u b l i c a t i o n o f t h e 
N A R U C , e n t i t l e d U n i f o r m S y s t e m o f A c c o u n t s f o r C l a s s A a n d B E l e c t r i c 
U t i l i t i e s ( 4 4 ) . 
A l s o o u t l i n e d i n t h e s a m e p u b l i c a t i o n a r e t h e p l a n t a c c o u n t s , 
t h e o n e s w h i c h c o n t a i n t h e i n v e s t m e n t s i n p r o p e r t y , e q u i p m e n t , e t c . 
T h e s e a c c o u n t s a r e c l a s s i f i e d a s f o l l o w s : 1 ) i n t a n g i b l e p l a n t , 2 ) p r o d u c ­
t i o n p l a n t , 3 ) t r a n s m i s s i o n p l a n t , 4 ) d i s t r i b u t i o n p l a n t , a n d 5 ) g e n e r a l 
p l a n t . C o m p l e t e d e t a i l s o f t h e i t e m s w h i c h a p p e a r i n e a c h a c c o u n t a r e 
o u t l i n e d . 
T h e r e s h o u l d b e n o q u e s t i o n o f t h e c o m p a r a b i l i t y o f t h e a v a i l a b l e 
d a t a w i t h t h i s d e g r e e o f u n i f o r m i t y a m o n g t h e a c c o u n t s o f a l l t h e p r i ­
v a t e l y o w n e d e l e c t r i c u t i l i t i e s . T h e F e d e r a l P o w e r C o m m i s s i o n c o l l e c t s 
t h e s e d a t a , c o m p i l e s a n d p u b l i s h e s t h e m . S i n c e t h e d a t a r e c e i v e d b y t h e 
F e d e r a l P o w e r C o m m i s s i o n a r e a m a t t e r o f p u b l i c r e c o r d , o t h e r a s s o c i a ­
t i o n s a r e a b l e t o c o m p i l e t h e s t a t i s t i c s w h i c h s u i t t h e i r p a r t i c u l a r 
n e e d s , a n d m a n y o f t h e s e a r e a l s o p u b l i s h e d . 
S e l e c t i o n o f U t i l i t i e s f o r t h i s S t u d y 
T h i s s t u d y i s g e n e r a l l y a p p l i c a b l e t o a w i d e r a n g e o f c o m m i s s i o n s , 
a l t h o u g h c e r t a i n m o d i f i c a t i o n s m i g h t b e n e c e s s a r y w h e n m a k i n g r e g i o n a l 
s t u d i e s . I n a n a t t e m p t t o m a k e t h e s t u d y a s m e a n i n g f u l a s p o s s i b l e , 
c e r t a i n g u i d e l i n e s w e r e f o l l o w e d i n s e l e c t i n g t h e c o m p a n i e s f o r w h i c h 
d a t a w a s u s e d . 
T h e t y p e o f p o w e r p l a n t w h i c h t h e u t i l i t y h a s e m p l o y e d i s a m a j o r 
3 3 
c o n s i d e r a t i o n . I t w a s d e c i d e d t h a t u t i l i t i e s u s i n g p r i n c i p a l l y s t e a m 
p r o d u c t i o n , w i t h a s m u c h a s 5 p e r c e n t o f o t h e r t y p e s o f p r o d u c t i o n 
w o u l d b e a c c e p t a b l e f o r t h i s s t u d y . I t w a s f e l t t h a t c o m p a r i n g a 
c o m p a n y w h i c h u s e d p r i m a r i l y a l l h y d r o e l e c t r i c g e n e r a t i o n w i t h o n e 
u s i n g a l l s t e a m w o u l d n o t y i e l d m e a n i n g f u l r e s u l t s . O f t h e c o m p a n i e s 
s e l e c t e d , t h e . l a r g e s t p e r c e n t a g e o f k i l o w a t t - h o u r g e n e r a t i o n b y h y d r o 
f o r 1 9 6 3 w a s 1 . 6 p e r c e n t , c o m p a r e d t o 3 * 4 p e r c e n t f o r t h e s a m e c o m p a n y 
t e n y e a r s e a r l i e r . O t h e r t h a n h y d r o a n d s t e a m , i n t e r n a l c o m b u s t i o n 
g e n e r a t i o n a c c o u n t e d f o r s o m e p r o d u c t i o n , b u t o f t h e c o m p a n i e s s e l e c t e d 
i t w a s a l w a y s l e s s t h a n 0 . 1 p e r c e n t , a n d i n m o s t c a s e s , n o n - e x i s t e n t . 
D u r i n g t h e p e r i o d o f s t u d y , n u c l e a r g e n e r a t i o n w a s i n s t a l l e d b y o n e o f 
t h e c o m p a n i e s s e l e c t e d , I n 1 9 6 3 , t h e l a s t y e a r i n c l u d e d i n t h e s t u d y , 
t h e t o t a l g e n e r a t i o n f o r o t h e r t h a n f u e l - f i r e d s t e a m w a s s t i l l o n l y 
3 . 8 p e r c e n t f o r t h i s c o m p a n y . 
A c o m p a n y m u s t o w n a n d o p e r a t e i t s o w n p o w e r p l a n t . S o m e u t i l i ­
t i e s a r e d i s t r i b u t o r s o n l y — a s i t u a t i o n m a d e p o s s i b l e b y p u r c h a s i n g 
w h o l e s a l e t h e e n t i r e a m o u n t o f e l e c t r i c i t y , r e q u i r e d f o r i t s s y s t e m . 
T h i s c o m p a n y w o u l d h a v e t r a n s m i s s i o n * d i s t r i b u t i o n , c u s t o m e r a c c o u n t i n g 
a n d s a l e s e x p e n s e s , b u t n o t p r o d u c t i o n a s e x p e r i e n c e d b y t h e o t h e r s . 
T h i s t y p e o f o p e r a t i o n i s q u i t e c o m m o n a m o n g s m a l l m u n i c i p a l l y o w n e d 
s y s t e m s b u t i s o n l y o c c a s i o n a l l y f o u n d a m o n g p r i v a t e l y o w n e d c o m p a n i e s . 
A n o t h e r c o n s i d e r a t i o n i n s e l e c t i n g c o m p a n i e s w a s t h e u l t i m a t e 
u s e o f t h e e l e c t r i c i t y , s i n c e i t w o u l d b e m o r e m e a n i n g f u l i f t h e b r o a d 
r a n g e o f u s e r s f o r e a c h c o m p a n y i n c l u d e d i n t h e s t u d y w e r e s i m i l a r . T h u s 
a l l t h e c o m p a n i e s s e l e c t e d s e r v e a t l e a s t r e s i d e n t i a l , c o m m e r c i a l a n d 
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i n d u s t r i a l c u s t o m e r s . T h i s r e s t r i c t i o n w a s n e c e s s a r y i n o r d e r t o e l i m ­
i n a t e t h e p o s s i b i l i t y o f i n c l u d i n g a c o m p a n y w h i c h d i d n o t h i n g b u t g e n ­
e r a t e e l e c t r i c i t y , a n d t h e n w h o l e s a l e d i t t o a n o t h e r c o m p a n y . I t s 
c o s t s f o r d i s t r i b u t i o n , s a l e s , a n d c u s t o m e r a c c o u n t i n g w o u l d b e m i s ­
l e a d i n g . 
I t i s c o m m o n f o r p r i v a t e l y o w n e d u t i l i t y c o m p a n i e s t o p e r f o r m 
m o r e t h a n o n e p u b l i c s e r v i c e . F o r e x a m p l e , o n e c o m p a n y m a y b e a g a s 
d i s t r i b u t o r o r a w a t e r d i s t r i b u t o r o r b o t h , a s w e l l a s a n e l e c t r i c u t i l ­
i t y . A g a i n t o m a k e t h e s t u d y a s f l a w l e s s a s p o s s i b l e , a n o t h e r l i m i t a ­
t i o n w a s a d d e d — t h a t t h e u t i l i t y b e o n l y a n e l e c t r i c u t i l i t y . S i n c e 
s e m e e l e c t r i c u t i l i t i e s h a v e d i v o r c e d t h e m s e l v e s f r o m t h e s e o t h e r f u n c ­
t i o n s o n l y i n r e c e n t y e a r s , i t w a s n e c e s s a r y t o i n s u r e t h a t t h e u t i l i t y 
w a s o n l y a n e l e c t r i c u t i l i t y d u r i n g t h e e n t i r e p e r i o d o f t i m e c o v e r e d 
b y t h i s s t u d y . 
T h e l i m i t a t i o n p r o c e s s r e s u l t e d i n a c r o s s s e c t i o n o f t h e u t i l i ­
t i e s i n t h e e a s t e r n h a l f o f t h e U n i t e d S t a t e s . T h i s w a s h i g h l y d e s i r ­
a b l e a n d p r o b a b l y w o u l d h a v e b e e n f o r c e d i n t o t h e s e l e c t i o n p r o c e d u r e 
h a d i t n o t n a t u r a l l y r e s u l t e d . T h e o b v i o u s r e a s o n t h a t t h e W e s t w a s 
n o t i n c l u d e d i s t h e l a r g e a m o u n t o f h y d r o e l e c t r i c g e n e r a t i o n i n t h a t 
a r e a . 
T h e r e s u l t i n g s t u d y g r o u p o f 2 3 u t i l i t y c o m p a n i e s f r o m 1 2 s t a t e s 
i s n o t a n e x h a u s t i v e f i g u r e , b u t d o e s r e p r e s e n t m o s t o f t h e c o m p a n i e s 
w h i c h w o u l d m e e t t h e c r i t e r i a o u t l i n e d a b o v e . T h e o n l y r e a s o n f o r n o t 
i n c l u d i n g s o m e c o m p a n i e s w h i c h m e t t h e q u a l i f i c a t i o n s w a s t o e l i m i n a t e 
a d u p l i c a t i o n o f c o m p a n i e s f r o m a p a r t i c u l a r a r e a , w h e r e a l a c k o f v a r ­
i a t i o n m a d e t h e i r i n c l u s i o n s e e m s u p e r f l u o u s . A l i s t o f t h e 2 3 c o m p a n i e s 
i s f o u n d i n A p p e n d i x A . 
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A n a l y s e s C o n d u c t e d 
T h e p u r p o s e o f t h e a n a l y s e s o f t h e c o l l e c t e d d a t a i s t o e x a m i n e 
t h e t o t a l c o s t a n d t h e c o s t o f e a c h c o m p o n e n t o f t h e t o t a l c o s t f o r 
b o t h t h e o p e r a t i o n a l a n d i n v e s t m e n t p h a s e s o f t h e u t i l i t y . T h e r e a r e 
t h r e e i n d i v i d u a l a n a l y s e s w h i c h p r o v i d e t h e n e c e s s a r y i n f o r m a t i o n . I f 
t h e s e t h r e e t r e a t m e n t s o f t h e d a t a p r o v i d e s i m i l a r r e s u l t s , t h e n t h e 
p u r p o s e o f t h i s s e c t i o n w i l l h a v e b e e n a c c o m p l i s h e d . 
A n a l y s i s o f E x p e n s e 
T h e f i r s t a n a l y s i s i s t o i n v e s t i g a t e t h e o p e r a t i n g e x p e n s e s f o r 
e a c h o f t h e s i x a r e a s d e f i n e d i n t h e U n i f o r m S y s t e m o f A c c o u n t s a n d 
c o m p a r e t h e s e w i t h t h e t o t a l f o r a l l s i x areasf: 0hat i s , w i t h t h e t o t a l 
o p e r a t i n g e x p e n s e s f o r t h e c o m p a n y . T a b l e 2 i s a c o m p o s i t e o f t h e e l e c ^ -
t r i c o p e r a t i n g e x p e n s e s f o r a l l c l a s s A a n d B p r i v a t e l y o w n e d e l e c t r i c 
u t i l i t i e s i n t h e U n i t e d S t a t e s f o r t h e y e a r s 1 9 5 1 - 1 9 6 3 . T h e r e s u l t s o f 
t h i s a n a l y s i s i n d i c a t e s t h a t t h e p r o d u c t i o n d e p a r t m e n t i s r e s p o n s i b l e 
f o r m o r e t h a n h a l f o f t h e t o t a l o p e r a t i n g e x p e n s e s f o r a l l o f t f t e p r i ­
v a t e l y o w n e d e l e c t r i c u t i l i t i e s i n t h e U n i t e d S t a t e s . 
T a b l e 3 g i v e s t h e s a m e i n f o r m a t i o n f o r t h e s a m p l e o f 2 3 u t i l i t i e s . 
A g a i n t h e p r o d u c t i o n d e p a r t m e n t f o r t h e 1 3 y e a r p e r i o d a c c o u n t e d f o r 
m o r e t h a n h a l f o f t h e t o t a l o p e r a t i n g e x p e n s e s . T h e r e s u l t s a r e v e r y 
s i m i l a r f o r e a c h o f t h e o t h e r c a t e g o r i e s . I t i s a p p a r e n t t h a t t h e r e i s 
n o t r e n d a w a y f r o m t h e a v e r a g e f i g u r e f o r t h e p r o d u c t i o n d e p a r t m e n t . 
T h i s m a y b e s e e n i n F i g u r e 3 . 
T h e d i s t r i b u t i o n d e p a r t m e n t i s s e c o n d i n i t s c o n t r i b u t i o n o n t o t a l 
o p e r a t i n g e x p e n s e s . S i n c e i t i s c o n s i d e r a b l y l e s s s i g n i f i c a n t t h a n t h e 
p r o d u c t i o n d e p a r t m e n t — 1 6 . 9 p e r c e n t c o m p a r e d t o 5 6 . 3 p e r c e n t o n t h e 
T a b l e 2 . E l e c t r i c O p e r a t i n g E x p e n s e s f o r a l l P r i v a t e l y O w n e d C l a s s A a n d B 
E l e c t r i c U t i l i t i e s i n t h e U n i t e d S t a t e s ( P e r C e n t o f T o t a l ) 
O p e r a t i n g 
1 
1 9 5 1 
1 9 6 3 1 9 5 1 1 9 5 2 1 9 5 3 1 9 5 4 1 9 5 5 1 9 5 6 1 9 5 7 1 9 5 8 i y t > 9 I 9 6 0 1 9 6 1 1 9 6 2 1 9 6 3 
P r o d u c t i o n 5 6 . 2 5 7 . 6 5 6 . 7 5 6 . 4 5 4 . 6 5 6 . 2 5 6 . 6 5 7 . 1 5 5 . 3 5 5 . 5 5 5 . 4 5 6 . 4 5 6 . 5 5 6 . 7 
T r a n s m i s s i o n 3 . 2 3 . 0 3 . 3 3 . 3 3 . 3 3 . 3 3 . 2 3 . 1 3 . 3 3 . 4 3 . 4 3 . 2 3 . 2 3 . 1 
D i s t r i b u t i o n 1 6 . 7 1 7 . 2 1 7 . 4 1 7 . 5 1 8 . 3 1 7 . 4 1 7 . 1 1 6 . 7 1 7 . 1 1 6 . 8 1 6 . 8 1 5 . 8 1 5 . 6 1 5 . 4 
C u s t o m e r A c c t 6 . 5 6 . 4 6 . 5 6 . 5 6 . 7 6 . 5 6 . 5 6 . 4 6 . 7 6 . 8 6 . 6 6 . 5 6 . 4 6 . 4 
S a l e s 3 . 6 3 . 2 3 . 2 3 . 3 3 . 4 3 . 4 3 . 4 3 . 4 3 . 6 3 . 7 3 . 8 3 . 7 3 . 8 4 . 0 
A d m i n i s t r a t i v e 
G e n e r a l 1 3 . 8 1 2 . 6 1 2 . 9 1 3 . 0 1 3 . 7 1 3 . 2 1 3 . 2 1 3 . 3 1 4 . 0 1 3 . 9 1 4 . 0 1 4 . 4 1 4 . 5 1 4 . 4 
T o t a l 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 
T a b l e 3 . E l e c t r i c O p e r a t i n g E x p e n s e s f o r 2 3 S e l e c t e d P r i v a t e l y O w n e d C l a s s A a n d B 
E l e c t r i c U t i l i t i e s i n t h e U n i t e d S t a t e s , ( P e r c e n t o f T o t a l ) 
r\ ̂  ~ -»- • 
E x p e n s e s 
1 9 5 1 
1 9 6 3 1 9 5 1 1 9 5 2 1 9 5 3 1 9 5 4 1 9 5 5 1 9 5 6 1 9 5 7 1 9 5 8 1 9 5 9 1 9 6 0 1 9 6 1 1 9 6 2 1 9 6 3 
P r o d u c t i o n 5 4 . 6 5 7 . 5 5 6 . 4 5 5 . 0 5 3 . 3 5 4 . 6 5 5 . 3 5 5 . 4 5 3 . 5 5 3 . 2 5 3 . 3 5 3 . 9 5 4 . 7 5 5 . 5 
T r a n s m i s s i o n 2 . 9 2 . 6 2 . 7 2 . 7 2 . 8 3 . 0 2 . 9 2 . 8 3 . 2 3 . 3 3 . 2 2 . 9 2 . 9 2 . 8 
D i s t r i b u t i o n 1 7 . 2 1 7 . 0 1 7 . 6 1 8 . 6 1 9 . 0 1 3 . 0 1 7 . 6 1 7 . 3 1 7 . 5 1 7 . 5 1 7 . 0 1 6 . 6 1 6 . 0 1 5 . 6 
C u s t o m e r A c c t s 6 . 7 6 . 4 6 . 6 6 . 6 6 . 8 6 . 8 6 . 8 6 . 7 7 . 1 7 . 0 6 . 9 6 . 7 6 . 5 6 . 5 
S a l e s 4 . 4 3 . 8 3 . 9 4 . 0 4 . 2 4 . 1 4 . 1 4 . 0 4 . 3 4 . 4 4 . 8 4 . 8 4 . 9 4 . 9 
A d m i n i s t r a t i v e 
G e n e r a l 1 4 . 2 1 2 . 8 1 2 . 8 1 3 . 1 1 3 . 9 1 3 . 5 1 3 . 3 1 3 . 8 1 4 . 4 1 4 . 6 1 4 . 8 1 5 . 1 1 5 . 0 1 4 . 7 
T o t a l 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 
5 1 
5 0 ' — - 1 1 1 1 « 1 i i i i i 
5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 
Y e a r 
F i g u r e 3 . P r o d u c t i o n D e p a r t m e n t E x p e n s e s a s a P e r C e n t o f T o t a l O p e r a t i n g 
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a v e r a g e — t h e r e i s l i t t l e r e a s o n t o c o n s i d e r i t a s a n a l t e r n a t i v e . 
F u r t h e r s u p p o r t o f t h i s d e c i s i o n i s a p p a r e n t b y o b s e r v i n g t h e t r e n d 
o f t h e d i s t r i b u t i o n c o s t s a s s e e n i n F i g u r e 4 . I t a p p e a r s t h a t i n t h e 
f o r e s e e a b l e f u t u r e t h e d i s t r i b u t i o n c o s t s a s a p e r c e n t o f t h e t o t a l 
o p e r a t i n g e x p e n s e s w i l l b e l e s s s i g n i f i c a n t n o t o n l y f o r t h e 2 3 c o m ­
p a n i e s s e l e c t e d b u t a l s o f o r a l l t h e c o m p a n i e s . 
A n a l y s i s o f P l a n t I n v e s t m e n t 
T h e n e x t a n a l y s i s i s c o n c e r n e d w i t h i n v e s t m e n t i n t h e u t i l i t y 
p l a n t . T h e i n t e n t o f t h i s p a r t o f t h e i n v e s t i g a t i o n i s t o d e t e r m i n e 
t h e p o r t i o n o f t h e t o t a l p l a n t i n v e s t m e n t f o r e a c h a r e a a c c o u n t s . T h e 
p e r c e n t a g e o f t h e t o t a l w i l l b e t h e b a s i s f o r c o m p a r i s o n . 
T a b l e 4 i s a c o m p o s i t e o f t h e e l e c t r i c u t i l i t y p l a n t f o r a l l 
c l a s s A a n d B p r i v a t e l y o w n e d e l e c t r i c u t i l i t i e s i n t h e U n i t e d S t a t e s 
f o r t h e y e a r s 1 9 5 1 - 1 9 6 3 . A l o o k a t t h e t a b l e i n d i c a t e s t h a t t h e r e a r e 
t w o a r e a s w h i c h , t o g e t h e r , a c c o u n t f o r a p p r o x i m a t e l y 8 0 p e r c e n t o f t h e 
t o t a l p l a n t o v e r t h e 1 3 y e a r p e r i o d . E a c h a c c o u n t s f o r a p p r o x i m a t e l y 
t h e s a m e — p r o d u c t i o n f o r 4 1 . 5 p e r c e n t a n d d i s t r i b u t i o n f o r 3 9 . 6 p e r 
c e n t . T a b l e 5 , i n w h i c h t h e c o m p a r a b l e d a t a a r e p r e s e n t e d f o r t h e 2 3 
s e l e c t e d c o m p a n i e s , i n d i c a t e s s i m i l a r r e s u l t s — p r o d u c t i o n w i t h 4 0 . 5 
p e r c e n t a n d d i s t r i b u t i o n w i t h 4 0 . 0 p e r c e n t . T h e s e f i n d i n g s i n d i c a t e 
t h a t e i t h e r o f t h e s e t w o a r e a s , i f u s e d a l o n e , w o u l d a t t r i b u t e t o a 
s i g n i f i c a n t p o r t i o n o f t h e t o t a l p l a n t . 
F i g u r e 5 c o n s i d e r s t h e s a m e d a t a i n g r a p h i c a l f o r m . D u r i n g t h i s 
1 3 y e a r s t u d y p e r i o d t h e r e i s a t r e n d i n d i c a t i n g t h a t a l a r g e r p o r t i o n 
o f t o t a l p l a n t i s r e p r e s e n t e d b y t h e p r o d u c t i o n d e p a r t m e n t . L i k e w i s e , 
T a b l e 4 . E l e c t r i c U t i l i t y P l a n t F o r a l l P r i v a t e l y O w n e d G l a s s A a n d B E l e c t r i c 
U t i l i t i e s i n t h e U n i t e d S t a t e s . ( P e r c e n t o f T o t a l ) 
U t i l i t y 1 9 5 1 
P l a n t 1 9 6 3 1 9 5 1 1 9 5 2 1 9 5 3 1 9 5 4 1 9 5 5 1 9 5 6 1 9 5 7 1 9 5 8 1 9 5 9 1 9 6 0 1 9 6 1 1 9 6 2 1 9 6 3 
I n t a n g i b l e 0 . 1 0 . 1 O . l 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 0 
P r o d u c t i o n 4 1 . 7 4 0 . 1 4 0 . 0 4 0 . 7 4 1 . 4 4 1 . 8 4 1 . 2 4 0 . 7 4 1 . 5 4 2 . 4 4 2 . 6 4 2 . 7 4 2 . 5 4 2 . 0 
t r a n s m i s s i o n 1 5 . 7 1 4 . 9 1 5 . 3 1 5 . 5 1 5 . 7 1 5 . 6 1 5 . 5 1 5 . 7 1 5 . 9 1 5 . 8 1 5 . 6 1 5 . 7 1 5 . 9 1 6 . 2 
D i s t r i b u t i o n 3 9 . 4 4 1 . 4 4 1 . 2 4 0 . 3 3 9 . 5 3 9 . 2 4 0 . 0 4 0 . 3 3 9 . 4 3 8 . 7 3 8 . 7 3 8 . 6 3 8 . 6 3 8 . 9 
G e n e r a l 3 . 1 3 . 5 3 . 4 3 . 4 3 . 3 3 . 3 3 . 2 3 . 2 3 . 1 3 . 0 3 . 0 2 . 9 2 . 9 2 . 9 
T o t a l 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 . 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 
T a b l e 5 . E l e c t r i c U t i l i t y P l a n t f o r 2 3 S e l e c t e d P r i v a t e l y O w n e d C l a s s A a n d B 
E l e c t r i c U t i l i t i e s i n t h e U n i t e d S t a t e s , ( P e r c e n t o f t o t a l ) 
U t i l i t y 
P l a n t 
1 9 5 1 
1 9 6 3 1 9 5 1 1 9 5 2 1 9 5 3 1 9 5 4 1 9 5 5 1 9 5 6 1 9 5 7 1 9 5 8 1 9 5 9 1 9 6 0 1 9 6 1 1 9 6 2 1 9 6 3 
I n t a n g i b l e 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
P r o d u c t i o n 4 0 . 5 3 9 . 7 3 9 . 4 4 0 . 0 3 9 . 7 3 9 . 8 3 9 . 2 3 8 . 6 4 0 . 2 4 1 . 2 4 1 . 8 4 1 . 9 4 1 . 4 4 0 . 0 
T r a n s m i s s i o n 1 5 . 1 1 2 . 6 1 2 . 9 1 4 . 3 1 4 . 9 1 4 . 9 1 5 . 0 1 5 . 3 1 5 . 6 1 5 . 4 1 5 . 1 1 5 . 1 1 5 . 6 1 6 . 0 
D i s t r i b u t i o n 4 0 . 0 4 2 . 0 4 2 . 2 4 0 . 9 4 0 . 2 4 0 . 5 4 1 . 3 4 1 . 6 4 0 . 0 3 9 . 4 3 9 . 1 3 9 . 0 3 9 . 0 3 9 . 1 
G e n e r a l 4 . 4 5 . 6 5 . 5 4 . 8 5 . 2 4 . 8 4 , 5 4 . 4 4 . 2 4 . 0 4 . 0 4 . 0 4 . 0 4 . 0 
T o t a l 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 
4 5 
38 
^ 7 ' 1 1 1 • 1 1 1 1 > > i i 
5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 
Y e a r 
F i g u r e 5 . P r o d u c t i o n D e p a r t m e n t P l a n t I n v e s t m e n t a s a P e r C e n t o f T o t a l 
P l a n t I n v e s t m e n t f o r a l l C o m p a n i e s a n d 2 3 S e l e c t e d C o m p a n i e s 
44 
F i g u r e 6 i n d i c a t e s a n o p p o s i t e t r e n d i n t h e d i s t r i b u t i o n d e p a r t m e n t — 
l e s s o f t h e t o t a l p l a n t i s b e i n g a c c o u n t e d f o r b y t h i s a r e a . T h e d a t a 
f o r u t i l i t y p l a n t i n v e s t m e n t f o r t h e 2 3 s e l e c t e d c o m p a n i e s i s t a b u l a t e d 
i n A p p e n d i x C . 
T o s u m m a r i z e t h e a n a l y s i s o f t h e u t i l i t y p l a n t d a t a , t r e n d s s h o w 
t h a t i f a s i n g l e a r e a i s t o b e s e l e c t e d t h e a r e a w h i c h i s i n c r e a s i n g o v e r 
t i m e ( t h e p r o d u c t i o n d e p a r t m e n t ) w o u l d s e e m t o b e a b e t t e r c h o i c e t h a n 
t h e o n e w h i c h i s d e c r e a s i n g ( t h e d i s t r i b u t i o n d e p a r t m e n t ) . 
A n i n t e r e s t i n g o b s e r v a t i o n n o t e d f r o m v i e w i n g t h e g r a p h s o f b o t h 
t h e p r o d u c t i o n a n d d i s t r i b u t i o n o p e r a t i n g e x p e n s e s a n d i n v e s t m e n t s i s 
t h e c l o s e c o r r e l a t i o n b e t w e e n t h e c u r v e s f o r a l l t h e c o m p a n i e s a n d f o r 
t h e 2 3 s e l e c t e d c o m p a n i e s . T h e c y c l e s a n d o v e r a l l t r e n d s a r e a p p r o x i ­
m a t e l y t h e s a m e . T h i s w o u l d i n d i c a t e t h a t t h e 2 3 c o m p a n i e s a r e a r e p r e ­
s e n t a t i v e s a m p l e o f a l l t h e c o m p a n i e s . T h e r e i s a s h i f t i n t h e a c t u a l 
v a l u e s , a r e s u l t o f i m p o s i n g l i m i t a t i o n s o n t h e s e l e c t i o n o f c o m p a n i e s . 
F o r e x a m p l e , b y i n c l u d i n g c o m p a n i e s w i t h n o m o r e t h a n 5 p e r c e n t o f t h e 
g e n e r a t i o n f r o m a s o u r c e o t h e r t h a n f u e l - f i r e d s t e a m g e n e r a t i o n , s o m e 
c o m p a n i e s w h i c h h a d l a r g e a m o u n t s o f h y d r o - e l e c t r i c g e n e r a t i n g e q u i p ­
m e n t w e r e e l i m i n a t e d . S i n c e t h e i n i t i a l i n v e s t m e n t i s h i g h e r f o r h y d r o ­
e l e c t r i c g e n e r a t o r s t h a n f o r s t e a m , t h e p r o d u c t i o n i n v e s t m e n t f o r a 
s a m p l e o f c o m p a n i e s u s i n g a l l s t e a m g e n e r a t i o n w o u l d b e e x p e c t e d t o b e 
l o w e r t h a n f o r t h e c o m p o s i t e c o m p a n i e s . T h i s i s i n d i c a t e d b y F i g u r e 5 . 
N o a t t e m p t w i l l b e m a d e t o e x p l a i n o r a c c o u n t f o r e i t h e r t h e 
m a g n i t u d e o r d i r e c t i o n o f t h e s h i f t i n t h e o t h e r f i g u r e s , s i n c e i t 










A l l C o m p a n i e s 
5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 
Y e a r 
f i g u r e 6 . D i s t r i b u t i o n D e p a r t m e n t P l a n t I n v e s t m e n t a s a P e r c e n t o f T o t a l 
P l a n t I n v e s t m e n t f o r a l l C o m p a n i e s a n d 2 3 S e l e c t e d C o m p a n i e s 
46 
t h i s r e s e a r c h i n a n y w a y . I n f a c t , b e c a u s e o f t h e a p p a r e n t l y c l o s e 
c o r r e l a t i o n b e t w e e n t h e d a t a f o r 2 3 s e l e c t e d c o m p a n i e s a n d a l l t h e 
c o m p a n i e s , t h e f o l l o w i n g a n a l y s e s o f t h e d a t a w i l l b e c o n c e r n e d o n l y 
w i t h t h e s a m p l e g r o u p o f 2 3 c o m p a n i e s . 
A n a l y s i s o f V a r i a t i o n i n E x p e n s e s 
A n o t h e r s t a t i s t i c a l a n a l y s i s o f t h e d a t a w i l l p r o v i d e s o m e 
u s e f u l i n f o r m a t i o n f o r t h i s s t u d y . T h e a n a l y s i s o f e x p e n s e d a t a a t 
t h i s p o i n t h a s o n l y r e v e a l e d w h i c h a r e a s a r e a c c o u n t a b l e f o r a p o r t i o n 
o f t h e t o t a l e x p e n s e s . T h i s i s n e c e s s a r y , b u t i t i s n o t s u f f i c i e n t . 
V a r i a t i o n i n t h e c o s t s m u s t b e c o n s i d e r e d . T o i n v e s t i g a t e v a r i a t i o n 
i t i s n e c e s s a r y t o c o n v e r t a l l c o s t d a t a t o a c o m m o n b a s i s . C o s t p e r 
k i l o w a t t - h o u r g e n e r a t e d i s u s e d a s a b a s i s f o r c o m p a r i s o n a m o n g t h e 
c o m p a n i e s . 
T o e x p l a i n t h e s i g n i f i c a n c e o f t h i s a n a l y s i s , a s s u m e t h a t 
a l t h o u g h t h e p r o d u c t i o n d e p a r t m e n t i s r e s p o n s i b l e f o r o v e r h a l f o f 
t h e t o t a l e x p e n s e s , t h e c o s t p e r k i l o w a t t - h o u r f o r e a c h c o m p a n y i s 
e x a c t l y t h e s a m e . T h i s i n d i c a t e s t h a t r e g a r d l e s s o f t h e t y p e o f m a n a g e ­
m e n t a c o m p a n y m i g h t h a v e — e i t h e r g o o d o r p o o r — i t w i l l h a v e n o 
a f f e c t o n p r o d u c t i o n c o s t s . I t i s n e c e s s a r y t h a t t h e r e s u l t s o f t h e 
m o d e l b e s e n s i t i v e t o m a n a g e m e n t d e c i s i o n s . I f g o o d d e c i s i o n s a r e 
m a d e , i t i s e x p e c t e d t h a t t h e o u t p u t f r o m t h e m o d e l w i l l y i e l d l o w e r 
c o s t s ; a n d l i k e w i s e i f b a d d e c i s i o n s a r e m a d e , t h e o u t p u t w i l l y i e l d 
h i g h e r c o s t s . , T h e r e f o r e , a n a r e a p r o d u c i n g c o s t s w h i c h a r e r e l a t i v e l y 
c o n s t a n t f o r a l l c o m p a n i e s w o u l d b e v a l u e l e s s f o r i n c l u s i o n i n t h e m o d e l 
t o b e d e v e l o p e d . 
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A basic premise underlying the study is that the variation in 
total cost per kilowatt-hour between different companies and even for 
the same company during different periods of time is at least in part 
due to managerial performance. This assumption is certainly more rea­
sonable than stating that there is no difference among the 23 selected 
companies as far as managerial performance is concerned. This would 
suggest that the companies were either well-managed, poorly managed, or 
fell in exactly the same place in between. 
In Appendix B the conversion of all operating expense data to 
the common basis, cents per kilowatt-hour is tabulated for all 23 
selected companies by code number and year. The data is presented for 
all six areas as designated by NARUC as well as the total. 
It may be recalled that from the previous analysis the produc­
tion department accounted for over half of the total electric expenses. 
Again in investigating the portion of total investment for which each 
area accounts, it was determined that the production department and 
the distribution department account for almost an equal amount — about 
40 per cent. It was concluded, however, that due to the trend of both 
areas the production department would be the more desirable of the two. 
This prior knowledge of the relationship of the cost and investment 
producing areas will be helpful in conducting the following statistical 
analysis. If the total variation in the total cost can be explained by 
the variation in the production department or even the distribution 
department, then it can be expected that there is sufficient information 
to select the area to be modeled. 
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I n T a b l e 6 t h e r a n g e o f v a r i a t i o n i s e x p r e s s e d a s t h e d i f f e r ­
e n c e b e t w e e n t h e h i g h a n d l o w v a l u e s f o r e a c h y e a r a n d f o r t h e o v e r a l l 
y e a r s . I t i s i n t e r e s t i n g t o n o t e t h a t t h e r e i s a c o n s i d e r a b l e a m o u n t 
o f v a r i a t i o n i n t h e p r o d u c t i o n d e p a r t m e n t a n d t h e d i s t r i b u t i o n d e p a r t ­
m e n t . I n f a c t , t h e s e t w o a r e a s c o u l d a c c o u n t f o r a l a r g e p a r t o f t h e 
t o t a l r a n g e o f v a r i a t i o n . 
A l t h o u g h i n d i c a t i o n s s h o w s u f f i c i e n t v a r i a t i o n a m o n g t h e p r o d u c ­
t i o n a n d d i s t r i b u t i o n e x p e n s e s t o a c c o u n t f o r a l a r g e p o r t i o n o f t h e 
t o t a l v a r i a t i o n , i t i s d i f f i c u l t t o d e t e r m i n e w h e t h e r t h e y a r e i n t h e 
s a m e d i r e c t i o n * o r n o t . F o r e x a m p l e , w h e n t o t a l e x p e n s e s v a r y u p w a r d s , 
d o p r o d u c t i o n e x p e n s e s a l s o v a r y u p w a r d s ? I s t h e c o n v e r s e t r u e ? A n 
i n s i g h t i n t o t h i s m a y b e o b t a i n e d b y p l o t t i n g t h e a v e r a g e a n n u a l c e n t s 
p e r k i l o w a t t - h o u r f o r t h e p r o d u c t i o n , d i s t r i b u t i o n a n d t o t a l c o s t s . T h i s 
i n d i c a t e s , a s s e e n i n Figure 7 , t h a t t h e r e i s a n a p p a r e n t c o r r e l a t i o n 
b e t w e e n t h e s e e x p e n s e s , a l t h o u g h i t i s n o t h i g h . 
B a s e d o n t h e d i s c u s s i o n t h u s f a r , i t w o u l d b e i i m p o s s i b l e t o m a k e 
a s t a t e m e n t a s t o h o w m u c h o f t h e t o t a l v a r i a t i o n i s t h e r e s u l t o f 
e i t h e r o r b o t h t h e p r o d u c t i o n a n d d i s t r i b u t i o n d e p a r t m e n t s . M u l t i p l e 
r e g r e s s i o n a n d c o r r e l a t i o n a n a l y s i s e n a b l e s t h e d a t a t o b e a n a l y z e d a n d 
t h i s i n f o r m a t i o n p r o v i d e d . 
A " c a n n e d " p r o g r a m t i t l e d " A G e n e r a l M u l t i p l e R e g r e s s i o n a n d 
C o r r e l a t i o n A n a l y s i s P r o g r a m f o r t h e B u r r o u g h s 5 5 0 0 C o m p u t e r " b y C h a r l e s 
L » C l a r k ( 5 ) w a s u s e d t o c o n d u c t t h i s t e s t . 
T h e c o m p u t e r u s e d i s l o c a t e d i n t h e C o m p u t e r C e n t e r o f t h e G e o r g i a 
I n s t i t u t e o f T e c h n o l o g y . S i n c e i t w a s n o t n e c e s s a r y f o r t h e a u t h o r t o 
c o n d u c t a n y o f t h e c a l c u l a t i o n s n e e d e d f o r t h i s a n a l y s i s , n o d e t a i l o f 
Table 6. Range of Variation Expressed as Cents Per Kilowatt-Hour by Years 






Ui ~ u n i . y l l r>a c r U 1 I I Low 
Distribution 
High D i f f 
63 0.390 1.026 0.636 0.227 0.605 0.378 0.052 0.163 0.111 
62 0.398 1.059 0.661 0.232 0.637 0.405 0.053 0.185 0.132 
61 0.394 1.095 0.701 0.218 0.699 0.481 0.056 0.198 0.142 
60 0.428 1.122 0.694 0.208 0.722 0.514 0.057 0.216 0.159 
59 0.422 1.116 0.694 0.190 0.725 0.535 0.059 0.219 0,160 
58 0.407 1.181 0.774 0.160 0.737 0.577 0.063 0.268 0.205 
57 0.395 1.230 0.835 0.152 0.857 0.705 0.066 0.223 0.157 
56 0.367 1.246 0.879 0.158 0.835 0.677 0.069 0.246 0.177 
55 0.374 1.198 0.824 0.174 0.719 0.545 0.070 0.231 0.161 
54 0.370 1.234 0.864 0.167 0.715 0.548 0.063 0.266 0.203 
53 0.368 1.257 0.889 0.126 0.747 0.621 0.081 0.273 0.192 
52 0.367 1.255 0.888 0.142 0.772 0.630 0.078 0.267 0.189 
51 0.415 1.253 0.838 0.163 0.761 0.598 0.085 0.284 0.199 
Over 
all 0.367 1.257 0.890 0.126 0.857 0.731 0.052 0.284 0.232 
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the theory behind it is presented. If the reader desires to investi­
gate the technique further he is referred to the technical bulletin 
associated with Mr. Clark's program and with any of a number of mathe­
matical statistical books. For a rather simplified explanation Advanced 
Methods and Models by Springer, Herlihy and Beggs (32) is recommended. 
The data for this analysis consists of observations on six inde­
pendent variables and one dependent variable for 23 companies for the 
years 1951 through 1963 inclusive. This totals 299 observations on the 
seven variables. The seven variables are the costs/kwh for each of the 
six areas of expense, together with the total according to the Uniform 
Systems of Accounts referred to previously. The total cost/kwh is the 
dependent variable — being completely determined by the six areas of 
expense which go to make it up. The data is tabulated in Appendix B. 
The results of the tests are tabulated in Table 7. For conven­
ience the variables have been designated as follows: X^, production; 
X^, transmission; X^, distribution; X^, customer accounts; X^, sales; 
X^, administrative and general; Y, total. It will be observed that 
the X"s represent the independent variables while the Y represents the 
dependent variable. 
The first analysis involved the use of the six independent 
variables. It was known beforehand what the results would be since the 
total can vary only as one or all of its parts varies. In other words, 
the variation in these six variables would have to explain the variation 
in the total. The results showed that the "Coefficient of Determination" 
did equal 100.0 per cent as anticipated. This coefficient is a measure 
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of the proportion of the total variation in the dependent variable 
that is explained by the independent variables operating in combination 
with one another. 
The remaining tests were concerned with the two variables which 
prior tests have favored — X^, production, and X^ distribution. The 
results indicate that the two variables operating together can explain 
about 96 per cent of the variation in Y and when separated, X̂  still 
explains about 88 per cent of the total variation. This is to say that 
the variation in cost per kilowatt-hour for production costs is suffi­
cient to account for 87.5 per cent of the variation in cost per kilowatt-
hour for the total costs. 
Conclusions 
In view of the evidence revealed thus far it is concluded that 
no further statistical analyses need be performed on this data. The 
production department does satisfy the requirements expressed at the 
beginning of this chapter for serving as the area to be modeled to 
represent an electric utility company. It represented 60 per cent of 
the total operating expenses, 40 per cent of the total plant investment, 
and explained 87.5 per cent of the variation in the total operating 
costs. 
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Table 7. Coefficients of Determination for Expenses of 


















DEVELOPMENT OF A GENERAL MODEL 
Introduction 
With the selection of the production department to represent 
the operation of the electric utility company, it becomes necessary to 
determine exactly which of the production should be included in the model. 
The criteria for the selection of factors should include (l) their 
susceptibility to managerial control, (2) some assurance that the result­
ing model does represent this area significantly, and (3) the ease of 
including them in a mathematical model. To give the reader a clearer 
understanding of the problem, space will be devoted to an explanation 
of the basic operation of a power production department. 
With this background, a discussion of the factors selected and 
the results of a statistical analysis will be presented. Following this 
will be a detailed description of the construction of the model. 
The Production Department 
The purpose of this department is to produce electricity. The , 
energy in the fuel or in the falling water is converted to electricity 
at the power plants where the generators are housed. The power plant 
may contain one generator, called a unit, or many generators or units, 
normally driven by an internal combustion engine or a turbine, either 
steam or water driven. Since this study is confined to steam driven 
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plants, all remaining discussion will be restricted to this type. 
The conventional types of fuel used in producing steam are 
natural gas oil and coal. Of the many factors which must be consid­
ered in the selection of a particular fuel, Skrotzki and Vopat (31) 
have suggested the following: 
1) energy content 
2) price 
3) unit operating efficiency 
4) handling cost 
5) refuse disposal 
6) operating labor 
7) maintenance 
Although energy content refers to the heating value per unit 
(for example, BTU per ton or barrel) and purchasing price is usually 
quoted on a price per ton or barrel, the two are commonly combined into 
an expression of cost per million BTU's. . -
The unit operating efficiency is determined by the ability of 
the unit to convert the heat content of the fuel into an output of 
kilowatt-hours. Efficiency is usually a design function and once the 
unit is constructed, its efficiency is determined. The significant 
design factors affecting steam plant efficiency are temperatures and 
pressures. The trend of temperature and pressure back to 1916 may be 
seen in Figure 8. 
The relative efficiency of steam generators can be measured in 
terms of the pounds of coal required to produce a kilowatt-hour of 
electricity. In 1892 it took about 8 pounds of coal, in 1916 almost 4 
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pounds of coal, and in 1959 about 0.9 pound of coal. Today the newer, 
larger high-pressure and high-temperature units can produce a kilowatt-
hour with less than three-fourths of a pound of coal (33). 
The handling costs for the fuel supply are less with natural 
gas. All that is required is a connection to the meter and the instal­
lation of some control valves. Oil requires higher costs than natural 
gas, primarily due to the storage tanks required and pumps for unloading 
and transfer. Coal is the most expensive fuel to handle since it requires 
elaborate unloading equipment, bunkers, weigh scales and distributing 
belt conveyor systems. For a plant containing a number of units, this 
cost per unit is minimized since the same unloading equipment is common 
to all the units. 
There is no problem in disposing of the ash content with either 
natural gas or oil, however, use of coal requires removal of ashes from 
the furnaces and a method for its disposal. At times the ashes are in 
demand for road building purposes and may be sold. 
Labor costs in steam plant operation are usually highest when 
coal is the fuel used, followed next by oil, with natural gas requiring 
least. 
Skrotzki and Vopat have concluded that maintenance is the most 
difficult factor to evaluate, and only extended experience with a given 
fuel can provide accurate figures. Thus, no general statement as to 
which is the most costly can be made. 
After the fuel has been selected and the design and construction 
completed, another relationship becomes important — that of amount of 
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fuel required versus the size of the loads placed on the generator. 
This relationship may be expressed either by a mathematical expression 
or graphically. Graphically, the relationship is referred to as a heat 
rate curve or an input-output curve. The manufacturers normally provide 
a heat rate curve for each unit, and these are based on the design 
specifications. A typical heat rate curve is reproduced in Figure 9. 
I t may be seen that the most efficient point of operation is not at the 
maximum rated capacity. For this typical curve, a demand of would 
require the consumption of BTU of energy every hour that X^ is 
demanded. Because of the magnitude of the BTU's, the Y is usually 
expressed in millions of BTU's. 
Many privately owned electric utilities have more than one unit 
in their generating system. Because the units almost always differ in 
efficiency, the loading will be determined by economics. The calcula­
tions for determining the economic loading may be performed by hand, 
but today computers are being used to perform this function. The com­
puter calculates which units should be operated each hour for the most 
economical operation of the whole system. Figure 10 shows how various 
units may be called into service during the day in the operation of a 
plant which consists of three units. Unit 3 is the newest, largest and 
most efficient unitj unit 1 is the smallest and oldest, thus the least 
efficient of the three. 
The power plants must have some reserve or standby capacity. 
Otherwise it would be necessary to curtail power to some of the company's 
customers if one of the units failed at a time of peak load. Frequently 
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some or all of this capacity may be available from an interconnection 
with another company or companies. 
Fuel costs are the largest single item of the total production 
costs. According to Justine and Mervine (16) the cost of fuel repre­
sents about 60 to 75 per cent of the total costs. Supervision and 
labor are the second largest expense — accounting for 10 to 25 per 
cent of the total. The remaining 10 to 15 per cent are accountable to 
maintenance. Any miscellaneous supplies and expenses are insignificant 
compared to the total. 
Maximum economy in the production department is not the results 
of minimizing operating costs only. It is secured when operating costs 
plus the costs of the investment are at a minimum. The investment costs, 
as used in this study, include any cash flow that results from making 
an investment in the power plant. 
The largest item of investment costs is the cost of the gener­
ating equipment and construction. The Federal Power Commission (37) 
publishes cost data for plant construction in the United States. Figure 
11 was compiled from their latest publication to indicate the magnitude 
and range of costs, expressed as dollars per kilowatt of capacity, for 
some coal fired units installed in 1962 and 1963. Although the scatter 
diagram does not indicate it, for a given set of conditions, the cost 
per kilowatt of capacity varies inversely as the total size of the unit. 
The reason this diagram does not support this statement is that the 26 
units plotted represent 24 different companies (two companies are each 
represented by two units). 
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The general factors affecting the investment are location, 
the manner in which fuel is received, the value of the plant site, 
and the development program for that particular plant. Since these 
factors are not consistent between companies or even between plants 
of the same company, it is little wonder that the scatter diagram is 
so random. 
Costs of securing the capital also vary from unit to unit and 
company to company and should be included in the investment costs. 
Although no detailed discussion will be made of these costs, they 
include the flotation costs of bond and stock issues, short term bank 
loan costs, premiums or discounts received on security issues, internal 
costs of retained earnings, and any other costs associated with the use 
of money from outside sources for plant construction. 
Additional cash flows resulting from the ownership of generating 
equipment are property taxes to various government agencies, and insur­
ance. These figures are usually directly proportional to the size of 
the investment, and are determined by local conditions. 
An often overlooked cash flow associated with this investment 
results from the income tax structure. By having an investment in depre­
ciable assets, a certain portion of the total investment may be written 
off annually as a depreciation charge. The method of writing off the 
asset is subject to approval by the Internal Revenue Service, but one 
of the most common methods is the double-rate declining balance. Regard­
less of the method chosen, the annual charge is used to reduce the tax­
able income, which in turn reduces the actual amount of income taxes to 
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be paid. In effect then, the larger the investment, the larger the 
annual depreciation charges and the lower the income taxes. 
In planning a generating system, management must consider the 
operating costs and the investment costs over a long period of time. 
It must choose the system best suited, under the current and anticipated 
local conditions, to provide satisfactory generating capacity and output 
for the lowest possible total cost. This is maximum economy. 
Selection of Factors for the Model 
The basic operation of a production department is here summarized 
so that the selection of factors to represent this area will become more 
obvious. First, a demand for power is received by the power plant. A 
calculation either by hand or computer should have already been performed 
to determine which unit or units can most economically generate a spe­
cific demand. Since the demand changes from hour to hour, requiring 
hourly decisions as to which unit or units to use, it seems logical and 
reasonable to simulate the operation of the production department by the 
hour. This necessitates then, the inclusion in the model of a factor 
to generate an hourly demand which represents the demand the company 
actually experienced. 
The next factor involves the selection of the unit or units used 
in meeting the demand requirement. It may be recalled that the relation­
ship between the demand or load on a unit and the energy required per 
hour to generate this load is the heat rate curve. With the heat rate 
curves for each unit and the cost of fuel for each unit on a cost per 
BTU basis, it is possible to calculate the cost for generating a given 
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load on each of the available units. The minimum cost then determines 
which unit to use each hour. In this phase there are two factors which 
need to be included in the model — the input-output relationship, 
usually expressed graphically as a heat rate curve, and the fuel costs, 
including any changes which occurred during the study period. 
Since it is the cost of actually having the fuel in the furnace 
ready to be ignited that is meaningful — the fuel costs should include 
the cost of transporting and handling, enabling a realistic comparison 
and placing the costs on a comparable basis. 
Included in this phase of the model is the selection from hour 
to hour of the unit which will provide the most economical operation. 
It is necessary to keep a tabulation of the kilowatt-hours demanded and 
generated as well as the fuel cost incurred. These figures will be part 
of the total costs of operation and will be used for comparison purposes 
later. 
The factors mentioned above do meet the criteria for the selec­
tion of factors stated at the beginning of this chapter. Other factors, 
considered and omitted due to the criteria, include, first, labor costs. 
Due to the increased use of automation as a result of computer advance­
ment, the use of labor is decreasing with the newer, larger units. Even 
without these advances, there is not a direct relationship between the 
number of employees and the size of the plant. It may take approxi­
mately the same number of personnel to operate a plant twice the size 
of another plant. Also, with the union shops, management does not have 
complete control over the wages paid. It is felt that a given management 
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will be consistent in its attitude toward the degree of automation 
desired for its own plant. In other words, in considering different 
size units to meet their growth, the labor requirements would be simi­
lar for each alternative, thus labor costs would not contribute signif­
icantly to the variation in total operating costs. 
Maintenance costs were also omitted as a factor in the model. 
The maintenance contribution to total operating costs is between 10 and 
15 per cent. Apparently the variation in maintenance costs is not sig­
nificant since Skrotzki and Vopat concluded that maintenance is a most 
difficult factor to evaluate. They could not determine that any one 
type of fuel was responsible for more maintenance than another. It is 
also felt that the company would again be consistent in its maintenance 
program, regardless of the type or size of the units selected. 
In a previously mentioned study by Iulo, we can see the effect 
of the factors selected on total cost. Iulo attempted to explain the 
variation among electric utilities in unit cost of electricity. Of many 
factors which he considered, he found seven which accounted for about 
80 per cent of the total cost per kilowatt-hour variation among the com­
panies used. Of these seven, there are three which would meet the cri­
teria of selection for this model. These are plant size, capacity 
utilization, and steam-electric fuel costs. 
It is obvious that the operating factors so far selected involve 
the three factors listed from Iulo's study. Plant size has its effect 
on operating cost variation since efficiency is directly proportional 
to plant size. Thus a utility which is fortunate enough to be able to 
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operate only large size units will certainly have cheaper fuel costs 
than other utilities which are operating a series of smaller units. 
The size of the units is a factor which management controls. 
The effect of capacity utilization on cost variation is a 
result of the shape of the heat rate curve. It will be remembered 
from Figure 9 that there is an optimal point of operation. If the 
capacity of the units can be utilized so that they are all operating 
at or near the optimal point on their respective heat rate curves, then 
the total fuel costs for that period of time will be minimized. Of 
course any other utilization of the available capacity of the units 
would result in higher costs — thus the effect of capacity utilization 
on operating cost variation. 
Steam electric fuel costs are the cost of actually getting the 
fuel into the furnace, and are expressed in cents per million BTU's. 
It is not the total fuel cost for generating a given quantity of elec­
tricity. As has been previously mentioned, this cost of fuel referred 
to by Iulo includes the transportation costs, the handling costs, and 
the cost of the fuel at the mine or oil field. It is obvious that among 
utilities across the country there would be a large variation in fuel 
costs expressed in this manner. 
Data for these three factors was collected for the 23 companies 
previously selected for this research. An attempt was made to secure 
the data for the same 13 year period covered by the other statistical 
analyses. However, the only data available at the time the study was 
made was for the years 1962 and 1963. This data was used combined with 
the other factors to determine the extent of the total variation in 
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production costs per kilowatt--hour generated. 
The size of the steam-electric generating plant, as Iulo uses 
it, is the average name, plate capacity of the larger plants that com­
prise at least one-half of the total generating capacity of that par­
ticular utility. To get this information it was necessary to list the 
size of all plants for each of the 23 utilities, then, starting with the 
largest and taking them in descending order, to select enough of the 
plants to account for at least one-half of the total company capacity. 
The average of these plants is the figure that is used to represent the 
plant size of the utility. Using this figure based on the larger sized 
units gives weight to the fact that the larger units do in reality 
account for the majority of the generation. 
The capacity utilization figure is also used as Iulo defines it. 
It is the> ratio between , the total number of kilowatt -hours generated by 
a utility during the year, and the maximum possible kilowatt-hours 
that could have been generated by that particular utility during the 
year. 
The data for the fuel costs are published by the National Coal 
Association in a publication called Steam-Electric Plant Factors for 
various years (42). The data used are referred to as "as consumed" 
fuel costs and are presumed to include the cost of the fuel delivered 
at the boiler. Under this definition the "as consumed" cost would also 
reflect the net cost of, or amount realized from, the disposal of the 
ashes, . 
Using these three factors as independent variables and the 
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production department cost per kilowatt-hour as the dependent variable, 
the data was analyzed by the statistical technique introduced in Chap­
ter III — the multiple regression and correlation analysis. For the 
two year period, 1962 and 1963, and for the 23 companies selected for 
this research, the coefficient of determination is 0,7322, The varia­
tion in the three independent factors, acting together, is sufficient 
to explain 73,22 per cent of the variation in the production department 
cost per kilowatt-hour generated. The magnitude of this coefficient is 
such that the model, using the factors so far selected, will be repre­
sentative of the actual production department. 
It is necessary to include in the model factors which will rep­
resent the investment costs as previously discussed. Using the initial 
investment in each unit as a base, the other investment costs can be 
determined. It will be necessary to include the depreciation method, 
the income tax rate, the property tax rate and the insurance rate. 
In Chapter I it was stated that the present worth method would 
be the basis for comparing the different results. Thus, a procedure 
must be included in the model to generate or provide the appropriate 
present worth factor throughout the time period simulated on the com­
puter. 
The Operating Section of the Production Department Model 
Having completed a selection of the factors, we can now show the 
development of the model to include these factors. The discussion will 
follow the structural sequence found in Figure 12, The modeling of the 
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Figure 12. Block Diagram of Production Department Operation. 
phases of which phase one is concerned with the determination of the 
hourly demand, and phase two is involved with the economic loading of 
the generators and the resulting total fuel costs. 
Determination of the Hourly Demand 
The purpose of this phase is to enable the model to simulate 
the actual hourly demand with reasonable accuracy. Using one hour time 
intervals, the total cycles for a five year study would be 43,800. 
This means that 43,800 separate hourly demands would be necessary for 
the model to operate. There are two possible means of providing this 
information. First, the 43,800 separate demands could be stored in the 
program, requiring, if punched cards were used, approximately 2400 cards, 
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Another means of providing this information is to develop a 
procedure within the model to approximate the demand each hour. It is 
not necessary that each hour of actual demand correspond respectively 
to an hour of simulated demand. If at the end of each month of opera­
tion there has been an equal number of each size of hourly demand, 
then the accuracy of the study will not be impaired. If, for example, 
the demand for the last hour in a particular month were 300 kilowatts, 
and in the simulation study this same 300 kilowatts of demand occurred 
in the middle of the month, the overall results of the study would be 
unchanged. 
The second method of introducing the demand into the model was 
selected for this study. The number of cards required and the key 
punching necessary for using actual hourly figures was prohibitive. 
In many companies, to tabulate the demand each hour for a number of 
past years would be a major undertaking. If a satisfactory method of 
recreating within the model the actual demands is accomplished, this 
alone will be a significant accomplishment. This method would cer­
tainly provide more flexibility to the model, facilitating an easy addi­
tion of additional years to the study period. 
The development of the method chosen is based on the fact that 
the demands follow certain behavior patterns. Once the patterns are 
determined, only a minimum of other information is required. The first 
investigation centered around the pattern that the hourly demand fol­
lowed over each 24-hour period, from midnight to midnight. The general 
pattern, as pictured in Figure 13, is approximately the same from day 
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Figure 13. General Pattern of a Daily Load Profile. 
to day and from month to month. The author refers to this pattern as 
a daily load profile. 
There are many factors which serve to make up the profile. In 
the residential area the major loads are ranges, water heaters, lighting, 
refrigeration, air conditioning and heating, and miscellaneous small 
appliances. Each of these loads has a regular daily pattern or opera­
tion. For example, the operation of ranges would be expected to produce 
three distinct peaks during the day corresponding to the three normal 
meal times. A typical day's use for a single range is shown in Figure 
14. Combine the single range profiles for all the customers of a util­
ity and this profile could look like the profile presented in Figure 15. 
Although the single profile could be expected to vary considerably from 
day to day, the combined range profile would not. This is a result of 
the randomness and diversity of operation of each of the thousands of 
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customers. Each of the other components of residential load could be 
similarly analyzed with similar results. 
The two other major areas of load — commercial and industrial — 
have altogether different load profiles. An industrial processing 
company which has a continuous operation would have basically a hori­
zontal line for a load curve. A commercial department store might show 
a profile spread over the entire 24-hour period, but greatly reduced 
from 9 P.M. to 8 A.M. These profiles are presented in Figures 16 and 
17 respectively. 
The general daily load profile presented previously in Figure 13 
is a composite of all the individual profiles. Although the general 
pattern is not expected to vary significantly from day to day, there are 
reasons why the pattern may change from season to season. Temperature 
fluctuations affect the operation of heating units, air conditioners 
and refrigeration. The number of daylight hours per day affects the 
peak and duration of the lighting load. A particular industry which may 
account for a large portion of the utility's load might be affected by 
the seasons. For example, citrus packing houses and concentrate plants 
operate seasonally. When the citrus has been picked and processed, 
these plants completely close down. For these reasons and many others 
it is desirable to include a sufficient number of daily load profiles 
to compensate for seasonal variation. 
Since the magnitude of the points on the profile will vary from 
day to day, it is necessary to convert the vertical scale from load 
expressed in kilowatts to load expressed as a per cent of peak load. 
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Thus each hourly load may be determined from the profile if the maximum 
daily load is known. Therefore the next step in this phase is to 
include in the model a method of providing the daily peak. 
It is not important in this study to correlate each actual daily 
peak to the same simulation day, so long as each actual peak is repre­
sented. The month was selected as the time interval for the purpose of 
generating daily peaks. Thus the determination of the daily peaks for 
each particular month is independent of all the other months. 
For a given month, the maximum daily peak and the minimum daily 
peak were selected. All other daily peaks for that month would fall 
between these two peaks. If all the peaks in between the maximum and 
minimum peaks were ranked in ascending order and plotted, they would 
form a pattern. If this pattern were to form a straight line, the 
determination of the intermediate points, given the end points, would 
be simple. No information was found by the author to indicate what 
type of pattern this data would provide. Therefore, any specific in­
formation regarding this will be postponed until actual data is col­
lected and analyzed for a specific company. If a pattern other than 
a straight line results, then a correction factor can be applied. 
Assuming a straight line pattern, the hourly demand for a month can be 
generated in the model with knowledge of the maximum and minimum daily 
peaks for that month, and the appropriate daily load profile. 
Even though the hourly demand is now available in the model, an 
important adjustment must be made. This is necessitated by the differ­
ence in the peak demands as reported by the utility companies, and the 
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peak demands required. The demand required is an average peak demand 
over the one-hour period — not the instantaneous peak for the hour 
which may have occurred for only a small portion of the hour. Figure 
18 illustrates the difference between the two. In hour A, Y^ represents 
the instantaneous demand and Y^ represents approximately the average 
hourly demand. Therefore an error would be introduced by using Ŷ  as 
the hourly demand. The extreme case is illustrated in hour B where the 
instantaneous demand Y^ is exactly the same as the average. There was 
no fluctuation in demand over the hour — an unusual case, although 
possible. Without an adjustment factor, every hour would be treated as 
if it were the second type. 
Demand data is rarely reported for any time interval less than 
one hour. Therefore there is little or no data that can be analyzed 
to determine what the adjustment factor should be. However, it can be 
Hour A Hour B 
Figure 18. Instantaneous Hourly Demand Versus 
Average Hourly Demand. 
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determined by a trial and error method when the model is completed, and 
validated on an actual company. 
The determination of the hourly demand by the model may be sum­
marized by the data presented in Figure 19. With the three patterns in­
cluded in the model, it is necessary to provide only two data points 
from the actual company data for each month of the study in order for 
the model to generate an average demand for each hour in each month. 
The suitability of this method will be determined in the validation 
study. 
Economic Loading of the Generators 
The model developed consists of three generating units — unit 
1, unit 2 and unit 3. Three units were selected as the optimal number 
to demonstrate the simulation technique being developed in this study. 
If the use of three units can be accommodated in the model, then more 
than three could be accommodated with a duplication of effort in pro­
gramming and computer time. 
The use of the term "economic" indicates that the loading of the 
units will be done so as to minimize the cost. Of the factors selected 
for the model, the only ones concerned with the costs of operating the 
units are those involved with the fuel costs. Thus the objective of 
the economic loading of the units as described here is to minimize the 
total fuel costs. 
For an individual unit the fuel cost per hour of operation is 
determined by the average demand during that hour, the million BTU's 
which that unit requires to generate the demand, and the fuel cost per 
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In t h i s p h a s e t h e f u e l c o s t f o r t h e g e n e r a t i o n o f t h e d e m a n d w i l l b e 
d e t e r m i n e d . 
F r o m p r e v i o u s d i s c u s s i o n , t h e n u m b e r o f B T U ' s r e q u i r e d t o g e n e r ­
a t e a g i v e n d e m a n d may b e e x p r e s s e d g r a p h i c a l l y a n d i s c a l l e d a h e a t 
r a t e c u r v e . S i n c e e a c h u n i t h a s a u n i q u e h e a t r a t e c u r v e , i t i s o n l y 
n e c e s s a r y t o i n c l u d e i n t h e m o d e l t h e h e a t r a t e c u r v e f o r e a c h o f t h e 
t h r e e u n i t s . W i t h t h e d e m a n d k n o w n , t h e B T U ' s a r e a l s o k n o w n . 
T h e c o s t w h i c h t h e u t i l i t y p a y s f o r f u e l i s a v a i l a b l e i n f o r m a ­
t i o n f r o m t h e u t i l i t y ' s r e c o r d s . T h i s i n f o r m a t i o n w i l l b e i n c l u d e d i n 
t h e m o d e l b y s i m p l y p l a c i n g t h i s d a t a o n p u n c h e d c a r d s a c c o r d i n g t o a 
s u i t a b l e Dynamo f o r m a t . T h i s i n f o r m a t i o n c o n c l u d e s a l l t h a t i s n e c e s s a r y 
f o r t h e m o d e l t o d e t e r m i n e t h e f u e l c o s t f o r a n i n d i v i d u a l u n i t . 
B e f o r e a n e x p l a n a t i o n o f t h e r e m a i n i n g p a r t o f t h i s p h a s e i s 
78 
u n d e r t a k e n i t i s n e c e s s a r y t o d i s c u s s a c h a r a c t e r i s t i c o f t h e g e n e r a t i n g 
u n i t s . A t t h e l o w e r e n d o f t h e h e a t r a t e c u r v e t h e t r e n d i s s u c h t h a t 
t h e B T U ' s r e q u i r e d t o g e n e r a t e t h e l o a d a r e i n c r e a s i n g a t a m u c h f a s t e r 
r a t e t h a n t h e r a t e a t w h i c h t h e l o a d i s d e c r e a s i n g . T h e r e f o r e t h e 
e c o n o m i c s o f t h e c o s t o f o p e r a t i n g a u n i t a r e s u c h t h a t a l o w e r l i m i t 
i s p l a c e d o n t h e l o a d f o r w h i c h t h e u n i t w i l l b e u s e d . I n F i g u r e 9, 
X^ i s u s e d t o i l l u s t r a t e t h i s p o i n t . T h e o p e r a t i o n o f a u n i t w i t h t h i s 
h e a t r a t e c u r v e w o u l d o c c u r i n t h e r a n g e b e t w e e n X^ a n d X^. 
S t e p o n e b e g i n s a s s o o n a s t h e h o u r l y d e m a n d i s d e t e r m i n e d . A t 
t h i s p o i n t n o n e o f t h e t h r e e u n i t s b e a r a n y l o a d . E a c h u n i t i s n o w 
l o a d e d t o e i t h e r i t s m a x i m u m c a p a c i t y o r t o t h e a m o u n t o f t h e d e m a n d , 
w h i c h e v e r i s s m a l l e r . W i t h e a c h u n i t l o a d e d , t h e t o t a l f u e l c o s t t o 
o p e r a t e e a c h u n i t f o r a n h o u r a t t h i s l o a d i s d e t e r m i n e d , s i n c e t h e h e a t 
r a t e c u r v e a n d t h e c o s t p e r m i l l i o n B T U ' s i s s t o r e d i n t h e m o d e l . T h e 
c o s t o f o p e r a t i n g e a c h u n i t i s c o m p a r e d o n e w i t h a n o t h e r a n d t h e o n e o p e r ­
a t i n g a t t h e l o w e s t c o s t i s s e l e c t e d . T h e l o a d o f t h a t u n i t a n d t h e c o s t 
f o r o p e r a t i n g t h a t u n i t f o r t h a t h o u r a r e s t o r e d i n a p p r o p r i a t e l o c a t i o n s 
so t h a t t h e y w i l l b e a c c u m u l a t e d f o r t h e e n t i r e p e r i o d o f o p e r a t i o n . 
S t e p t w o b e g i n s b y s u b t r a c t i n g t h e l o a d b e i n g g e n e r a t e d i n s t e p 
o n e f r o m t h e t o t a l h o u r l y d e m a n d , t o d e t e r m i n e t h e d e m a n d r e m a i n i n g . 
T h e t w o u n i t s a r e e a c h l o a d e d t o e i t h e r t h e i r m a x i m u m c a p a c i t y o r t o t h e 
a m o u n t o f d e m a n d , w h i c h e v e r i s s m a l l e r . O c c a s i o n a l l y t h e r e m a i n i n g 
d e m a n d may b e l e s s t h a n t h e m i n i m u m d e m a n d , so t h a t n o g e n e r a t i o n w i l l 
o c c u r i n t h i s s t e p o r i n t h e f o l l o w i n g s t e p . I t i s r e m o t e l y p o s s i b l e 
t h a t a n h o u r l y d e m a n d i n s t e p o n e c o u l d b e l e s s t h a n t h e m i n i m u m . I n 
t h i s c a s e t h e r e w o u l d b e n o g e n e r a t i o n f o r t h a t h o u r b y t h e t h r e e u n i t s . 
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Figure 20, Flow Diagram of Economic Loading of Three Units, 
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As in step one, the cost of operating each unit for that hour is com­
puted and the one with the lowest cost is selected. The load on this 
unit and the corresponding cost are each added to those of step one. 
Since only one unit remains, step three is rather simplified. 
If there is any remaining demand and if it exceeds the minimum for this 
unit, the load is placed on this unit and the corresponding cost is 
determined. These figures are also added to those of step one and 
step two respectively. These totals yield the overall generation for 
that hour, and the corresponding cost for that hour. The difference 
between the total demand and the total generation is the amount of 
electricity that must either be provided from some other source or 
curtailed. 
Regardless of the method chosen to provide for this other demand, 
it is possible to associate a cost with each kilowatt-hour of electricity 
so demanded. For example, if this amount is purchased from another 
utility company, there is an agreed rate. Determining a charge for 
other methods of providing for this remaining demand may not be as 
simple as the example, but for the purposes of this research some reason­
able estimates will be satisfactory. 
The sequence of these three steps assumes there are three units. 
Since units are usually installed one at a time, it is conceivable that 
at the beginning of the study period there might be only one unit, with 
other units added later. This presents no problem since it is necessary 
only to set the capacity of any of the later units to zero until they 
become operational, at which time their capacity, within the model, will 
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be changed. 
During each hour of simulation the sequence of these three steps 
is followed. The totals from each hour are accumulated so that at the 
end of the study period cumulative totals for overall demand, generation, 
fuel costs and costs of other generation are available. 
The Investment Section of the Production Department Model 
The investment costs to be considered in developing the model 
are: 1) the investment itself, 2) the associated cost of securing the 
necessary funds for the investment, and 3) the property taxes and insur­
ance on the equipment and plant, A benefit resulting from the invest­
ment is the income tax shield provided by depreciation. Since it will 
offset the costs it should be included in the model. 
Investment and Capital Costs 
The investment in a generating unit is the total of all amounts 
paid to make the unit operational, including all money expended for 
such items as the land and land rights, structures, boiler plant equip­
ment, turbines, generators and all miscellaneous power plant and elec­
tric equipment. The total amounts for these items is strictly accounted 
for in the companies' records and is available as a total figure for 
each unit. This information can be placed directly into the model. 
Capital costs are defined as the difference between the amount 
of money secured and the amount of money paid back. Since the money 
paid back is done so over a period of time, it is necessary for compari­
son purposes, to convert all the costs to some standard figure. It has 
already been stated that the present worth method will be used to 
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accumulate all the costs of the simulation study. Therefore this 
method will be used to explain and determine capital costs. 
The capital costs resulting from any method used to finance 
the investment are not as well defined as the investment costs. One 
reason for this, is that there are many combinations of the various 
methods of securing funds. One combination is the use of retained 
earnings, short-term bank loans, and eventually a bond issue or stock 
issue. Other possibilities are a bond issue at the time of construc­
tion, or the complete use of retained earnings. Securing capital by 
each of these combinations would probably result in different costs. 
As an example of what the capital costs might be for one of 
these methods, assume that a $25,000,000, 4 per cent, 20 year bond issue 
is floated at the time of unit construction. If the customary semi­
annual interest payments are made, the borrowing costs consist of 40 
semi-annual interest payments of $500,000 each, plus the administrative 
costs. Using the present worth method and an appropriate discount rate, 
the present worth of these future payments can be calculated. If this 
computation were to yield a figure of $28,000,000 the capital costs 
would be $3,000,000. Frequently a premium is received for the issue 
or a discount is allowed. This changes the amount received for the 
bonds and influences the cost of capital accordingly. 
With funds obtained from a combination of various sources the 
determination of the cost of capital becomes complex and difficult. 
Also, because of the wide choice of financing possibilities and the 
uncertainty of which one or ones will be encountered in the application 
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of t h i s model, the exact formulation for including the costs of cap i ta l 
in the model w i l l be delayed. When the v a l i d a t i o n study i s conducted 
on a spec i f i c company and the method of financing observed, a decis ion 
w i l l be made as to how to include t h i s fac tor in the model. 
Property Taxes and Insurance Costs 
Property taxes are genera l ly paid to the local government 
which has j u r i s d i c t i o n over the p lant l oca t ion . The r a t e s t ruc ture 
and the p lant va luat ion v a r i e s from area to area . I f or ig ina l cost of 
the p lant i s used, the investment prev ious ly discussed would be the 
base for the tax ca l cu la t ion . However, i t i s common for some other v a l ­
uation to be used, usua l ly expressed as a per cent of the t o t a l or ig ina l 
investment. If the tax assessor uses something other than 100 per cent 
v a l u a t i o n , i t i s poss ib le for the tax amount i t s e l f to be expressed as 
a per cent of the investment. Invest igat ion of the company records w i l l 
y i e l d the amount of taxes and the amount of the investment. The per cent 
of the investment for a selected year i s the fac tor which i s included 
in the model. 
Insurance costs w i l l be handled in the same manner. The amount 
of insurance premiums paid for a se lected year w i l l be expressed as a 
per cent of the investment accumulated up to that year . This per cent 
w i l l be included in the model. I t i s suggested that any year during the 
study period be used as a r e p r e s e n t a t i v e year . Any r a t e change in e i ther 
the insurance r a t e or the property t a x e s , should also be included in the 
model. 
Income Tax Benefit Resulting from the Investment 
Income taxes const i tute disbursement s imi lar to those for 
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operat ion , property t a x e s , and insurance. The amount of income taxes 
i s a function of the gross income received from the operation of the 
company, the al lowable deductions, and the income tax r a t e . The amount 
of income tax i s determined by applying the tax r a t e to the net t a x ­
able income — the gross income l e s s the deductions. The l a r g e r the 
amount of deductions, the l e s s the net taxable income and the l e s s 
the income taxes . This fac tor i s working in the opposite d i r e c t i o n of 
the other fac tors associated with the investment. 
Many fac tors a f f e c t the determination of taxable net income, 
but only investment in depreciable property w i l l be considered as a 
p a r t of t h i s study. 
There are genera l ly three types of depreciat ion methods a v a i l ­
ab le , c l a s s i f i e d as rapid w r i t e - o f f , s t r a i g h t l i n e , and slow w r i t e - o f f . 
The importance of the time value of money i s the key to deciding between 
the rapid and slow w r i t e - o f f types of deprec iat ion . The rapid w r i t e ­
off y i e l d s a greater f inanc ia l advantage over the other two types,when 
income tax r a t e s are high. A condition warranting a ,slow w r i t e - o f f 
occurs when the tax r a t e in the d i s t a n t future lis expected to be con­
s iderably increased. 
The s t r a i g h t l i n e method owes i t s popular i ty to the fac t t h a t 
p r i o r to 1954 i t was the only method encouraged by federal tax r u l e s , 
and many firms have continued i t out of simple procedural i n e r t i a . 
While the s impl ic i ty of the s t r a i g h t - l i n e method has appeal to many, 
in the u t i l i t i e s the rapid w r i t e - o f f i s the most commonly used for 
income tax purposes, even though the u t i l i t i e s often use s t r a i g h t - l i n e 
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depreciation for accounting purposes other than income tax. 
The rapid write-off method will be used for the simulation 
study. The Internal Revenue Service readily recognizes and accepts 
two methods of rapid write-off: the double-rate declining-balance 
method and the sum-of-the-year-digits method. The two methods pro­
vide basically the same effect on income taxes, allowing the choice 
between them to be a matter of the author's convenience. Since the 
declining-balance method is the simpler of the two, and because it is 
also compatible with the programming techniques of the Dynamo language, 
it will be used in the model. 
In any declining-balance depreciation accounting, a given 
depreciation rate is applied each year to the remaining book value 
to determine the depreciation charge for that year. The remaining 
book value is that portion of the cost of an asset that has not already 
been written off in a previous year. For example, if a 10 per cent 
rate is applied to an asset that cost $50,000, the depreciation charge 
in the first year is 0.10 ($50,000) = $5,000. In the second year the 
charge is 0.10 ($50,000 - $5,000) - $4,500. In the third year it is 
0.10 ($45,000 - 4,500) = $4,050. This procedure continues for the 
remaining years of the depreciable life of the equipment, or until it 
is disposed of. Figure 21 presents a plot of the resulting annual first 
of-year book values if the calculations are continued for a 15 year per­
iod. For comparison purposes, the straight-line results are presented 
by the broken line. 
The declining-balance method becomes the double-rate declining-
balance method when a depreciation rate is double that of the allowable 
86 
straight-line rate for an asset with a prospective zero salvage value 
and a given estimated life. The rate is calculated as 8 per cent by 
dividing 200 by the estimated life in years. This is the maximum rate 
allowed by law and is the one which will yield the most rapid write-off. 
It is this rate which will be used in the model. 
Present Worth Conversion 
It has been stated in a previous discussion (Chapter I) that 
this study will use the present worth method of comparing receipts and 
disbursements over time. It is necessary, then, to include in the model 
a procedure which will convert all the costs and the income tax benefits 
as they occur, to a present worth figure. 
According to Grant and Ireson (14), there are two conventions 
commonly followed in present worth conversions. The first is called the 
end-of-year convention. The name is descriptive in that all costs or 
receipts which occur during a year are added together and assumed to 
occur as a lump sum at the end of the year. The other method is the uni­
form-flow convention. Again, as the name implies, the receipts and dis­
bursements are recognized as occurring uniformly throughout the year 
rather than concentrated at the end of the year. 
The cash flows occurring in this model are comprised of some 
flows which occur annually and some which occur monthly. The property 
taxes and insurance payments are normally made on an annual basis. 
Although income taxes are normally considered as an annual expenditure, 
payments are made periodically throughout the year against an estimated 
figure. Fuel costs are probably the most uniform cost over time. 
F i g u r e 21. A n n u a l B o o k Value w i t h D o u b l e - R a t e D e c l i n i n g B a l a n c e 
D e p r e c i a t i o n M e t h o d CO 
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Since Kilowatt-hours are being generated constantly throughout the 
year, fuel costs are occurring at the same rate. Actually the cash 
paid to the fuel supplier is generally done monthly, and is still a 
uniform flow compared to the end-of-year flow. 
It is clear that neither convention will conform exactly to the 
timing of all the cash flows. Grant and Ireson have the following com­
ment on this: 
All things considered, the uniform-flow convention probably 
comes somewhat closer to describing the way most cash flow 
occurs than does the end-of-year convention. Nevertheless, 
it is desirable to recognize that either is merely a conven­
tion to facilitate compound interest conversions; neither is 
a completely accurate reflection of the way in which cash flow 
is expected to take place. 
Generally the uniform-flow convention utilizing the continuous 
compounding method of developing the conversion factors is more appli­
cable in mathematical models. This method will be used in this simu­
lation study. The development of the continuous compounding expressions 
for single payment present worth factors is found in most engineering 
-rn 
economy textbooks. The factor is the value of e where r is the nominal 
interest rate and n the number of years. 
A procedure will be included in the model to provide the single 
payment present worth factor at the end of each month and at the end of 
each year. This will allow the conversion of the costs paid monthly and 
annually. The only information required for the calculation of the fac­
tors is the interest rate. 
Inclusion of any given interest rate in the model is no problem. 
What interest rate to use does present a problem. The term "interest 
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rate" as used here is the minimum attractive rate of return which a 
company uses in comparing alternative cash flows by a compound inter­
est method — in this case the present worth method. There are probably 
as many thoughts on what rate to use as there are writers on the subject. 
One suggestion is capital rationing. A complete presentation of this 
may be found by Joel Dean in his book Capital Budgeting (6). This method 
assumes that many investment projects are available and the prospective 
rate of return each will yield may be estimated. The projects are ranked 
in descending order on the basis of the rates of return and the required 
accumulated investment. The rate of return of the last project allowing 
the cumulative total of investments to equal the amount of capital avail­
able becomes the minimum rate of return. 
Another idea is that of using the cost of securing money. A text 
on financial management such as Lindsay and Sametz (19) presents the costs 
of securing the funds from each of many sources. Combining the costs 
for these various sources by the weighted average method will provide a 
figure which could be used as the interest rate desired. Support for 
this method may be found in Weston's text (35). 
Others feel that using the cost of borrowed money would not allow 
for a profit. Thus this figure would arbitrarily be increased to give 
the owners some advantage in return for the risk of borrowing and being 
in business. 
Another theory is advanced by Modigliani and Miller (22). One 
of their propositions states: 
the average cost of capital to any firm is completely inde­
pendent of its capital structure and is equal to the capitali­
zation rate of a pure equity stream of its class. 
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In other words, the cost of capital is equal to the expected earnings 
per share divided by the market price of a share of common stock. It 
is recognized that this proposition is based upon some rather limiting 
assumptions underlying a well-defined mathematical model. As such, it 
is doubtful that its strict application to a realistic business situa­
tion could be defended in every instance. 
Since this research is not primarily devoted to a determination 
of the cost of capital or the minimum attractive rate of return, no 
additional theories will be mentioned. Of the ones presented, the 
latter is clearly the easiest to apply and the necessary information 
appears in the company records and in many market publications. Pri­
marily for these reasons then, the annual rate of earnings per share 
divided by the market price of the common stock will be used in the 
model as the interest rate for calculating the continuous compounding 
present worth factors. 
Summary 
This chapter has developed and introduced in a general manner 
all of the considerations necessary to simulate the production depart­
ment on a computer. 
A brief description of the operation of a production department 
has been presented with the hope that the development of the general 
mathematical model which follows will be easier to understand. All fac­
tors which the previous statistical analyses indicated should be included 
have been discussed. With this phase of the study complete, it is 
possible to validate the model by taking data from the records of an 
e l e c t r i c u t i l i t y company, placing t h i s data in the model, operating the 
model over a period of t ime, and then comparing the simulation r e s u l t s 






The general model described in the previous chapter is trans­
lated into a specific model through the use of the Dynamo language. 
This model will be used to simulate the operation of an electric utility 
company, and to test various alternatives by changing some of the oper­
ating input data. These alternatives will represent courses of action 
which the company could have followed. To assure that these results 
will be meaningful and realistic, it is necessary to validate the model. 
The validation process consists of selecting all the necessary 
data from an operating company and simulating the company operation 
over some historical period of time. If the model does represent that 
phase of the company as intended, the results of the simulation using 
the actual data should compare favorably with the actual results of the 
company's operation validating the model. 
The company chosen for the validation study is one of the pri­
vately owned utilities selected for the statistical analyses described 
earlier in this study. The company will not be referred to by its actual 
name, but rather will be called "XCO". XCO served an area of approximately 
1700 square miles and received about 60 million dollars annually from the 
sale of electricity to its 180,000 customers. 
Investigation of XCO's generating capacity growth reveals that the 
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latest plant went into operation with the completion of unit number 
one in September, 1957. The installation of this plant is significant 
in that the use of coal as a fuel is a departure from the use of oil as 
a fuel at the company's other two plants. XCO now has five units in 
operation at this coal-burning plant — the last one having been com­
pleted in the latter part of 1965. 
The model will accommodate three units, therefore, it was decided 
that the validation study period would begin at the first of 1958 when 
only one unit was available, and continue for three years — a period 
which would include the installation and operation of unit three. The 
choice to use only the coal-burning plant was enhanced by the fact that 
the results of operating this plant are reported separately in the com­
pany's statistical reports. This is important when comparing the simula­
tion results with the actual results. 
Description of the Company Data Required 
The data required for this study is divided into data on the gen­
erating units, and other company data. The data required for the gener­
ating units includes the maximum capacity which could be depended upon 
under normal operation conditions. Also needed is the minimum capacity 
requiring the generator to be put into operation (usually approximately 
30 per cent of the maximum). Knowledge of the exact date of installa­
tion of each unit is also necessary. 
One other cost figure is also needed — the cost of fuel. Since 
all three units involved in this study use the same fuel, the cost which 
the company pays for fuel for each unit will be identical, and these 
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costs will be stated monthly for the three year period. In order to 
accumulate the fuel cost for each unit, heat rate curves are also 
required for each of the units. 
In actual operation generating units are down many times during 
the year for both scheduled and unscheduled periods. Since the down 
times affect the total kilowatt-hours generated and the corresponding 
fuel costs, they must be included in the validation study. Therefore 
data concerning the time each unit is taken out of service and put back 
into service must be included in the model. 
Other data required from the company is the monthly maximum daily 
peak demand and the monthly minimum daily peak demand. To determine the 
correction adjustment for the daily peaks, it will be necessary to analyze 
the peaks for each day of sample months. The data to perform this will 
be required. The number of correction adjustment patterns to use will 
be considered. For example, will the same pattern serve the entire study 
period or will it vary from season to season or year to year? 
Determination of the daily load profile is required. In previous 
discussions it was noted that this profile will be expected to vary from 
season to season. Therefore, typical days from each of the seasons will 
be sampled and some average profiles will result for each of the four 
seasons. The hourly adjustment will be determined from experimentation 
on the model, and not from company's data. 
Company policy dictates that at least one unit of the other plants 
will be in operation, a good practice which provides instant reserve 
capacity. The capacity of these units which are spinning without a load 
is called spinning reserve. At the time that the coal-burning plant 
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represents approximately one-half of the total generating capacity of 
the system, this policy is relaxed. A factor is included in the valida­
tion model establishing the total generation which will be provided at 
the other plants. 
Company Data Used in the Validation Study 
The generating plant under study will be referred to as the Gan 
plant. Gan 1 was installed on September 15, 1957, with a generating capac­
ity of 125,000 kilowatts. Gan 2 was installed on November 15, 1958, with 
a generating capacity of 130,000 kilowatts. Gan 3 was installed on 
October 15, 1960 with a generating capacity of 180,000 kilowatts. The 
minimum operating capacities for the three plants were considered as 
40,000, 40,000 and 55,000 kilowatts. 
The monthly coal bill expressed as cents per million BTU's is 
shown in Table 8. This data was taken from the company's monthly finan­
cial reports for the period covered. 
Data for the down times of the three units is compiled in a log 
at the power plants. A sample of this log for Gan 1 for 1958 is shown 
in Table 9. Similar information was available for the other years and 
the other two units, and is included in the model. It was necessary to 
convert the time from day and hour to a time compatible with the model. 
Since the simulation is for each hour, starting with 0 hour at midnight 
on December 31, 1957, all the times must relate to 0 hour. Thus the 
first outage occurred at time 707 and the unit was back in service at 
time 830, for a total down time of 123 hours. 
The daily instantaneous maximum demands were available from 
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Table 8. Monthly Cost of Coal for XCO, in 
Cents/million BTlPs 
1958 1959 1960 
Jan. 39.58 35.58 31.94 
Feb. 38.70 33.65 32.14 
Mar. 37.14 35.43 32.56 
Apr. 36.88 34.89 31.69 
May 36.02 33.87 31.84 
June 36.77 36.06 31.68 
July 36.71 34.77 32.47 
Aug. 34.52 34.40 33.26 
Sept. 33.79 34.63 32.66 
Oct. 33.35 33.75 32.53 
Nov. 34.84 33.52 31.71 
Dec. 35.35 32.16 31.94 
company records. Also the hourly instantaneous demand for the period 
1955 to 1965 were available on punched cards. A printout of these cards 
provided sufficient information to determine satisfactory daily load pro­
files and correction factors. The data on the punched cards is coded 
so that the day of the week is shown for each day. 
To calculate the daily load profile for each of the four 
seasons, a sample week was randomly selected from each of the seasons 
for 1959. The weeks selected were the weeks beginning on January 19, 
April 13, August 24, and November 2. The daily load profile for each 
day was calculated and an average for the week computed. This was 
intended to give weight to the different profile which represents 
Saturday and Sunday as compared to the week days. A plot of these four 
profiles is presented in Figures 22 through 25. 
Table 9. Log of Outages for Gan 1, 1958 
OUT 
Date Time Date 
IN 





1/30 10.45A 2/4 3.53P Revisions to coal chutes and minor 
repairs 
Maint. 123 
2/1 4.03A 2/1 2. IIP Lightning Arrestor ruptured by 
Lightning 
Forced 10 
3/26 10.45A 3/28 4.57P Ruptured Tube in "B" cyclone Forced 54 
5/14 10.45P 5/26 1.27P Tube ruptured in 1A cyclone Forced 278 
6/13 11.18P 6/15 1.16P Leaking tube in economizer Forced 38 
7/26 9.04A 7/27 10.51P Leaking cyclone tube Forced 38 
8/1 10.42P 8/13 8.04A Acid clean boiler and minor repairs Maint. 273 
8/13 11.38A 8/14 11.45P Fire in furnace skin casing Forced 37 
9/28 10.33P 9/30 5.39A Repair leak in slag tap cooling 
coil 
Maint. 30 
10/19 12.45P 10/20 4.31P Leaking tube in 1C cyclone Forced 27 
11/21 8. IIP 12/5 5.11A General Maint. of Boiler Overhaul 322 




The correction factor adjustment used for determining the daily 
peak was calculated for each year. To calculate the correction factor 
by months it is necessary to compare the straight-line estimate with the 
actual maximum daily peak, for each day of the month. For an approxi­
mation of the correction factor for a year, using a sample of six months 
(every other month beginning with January) the monthly factors were each 
computed and averaged together for each year. The resulting correction 
factors appear in Figures 26, 27, and 28. 
The hourly adjustment necessary to compensate for the difference 
between the highest hourly demand and the average demand for each hour 
will be applied to the correction factor. Although this adjustment has 
no direct relationship to the correction factor, since both are percent­
ages applied to the daily peak, it is a convenient location to introduce 
the adjustment into the model. After this adjustment is performed, the 
resulting correction factor will be referred to as the correction factor 
modified. 
Heat rate curves for Gan 1, Gan 2, and Gan 3 were provided to 
the company by the manufacturer at the time of their installation. These 
curves are the theoretical curves and are the only ones available. The 
company has not conducted any studies to determine if, under the actual 
operating conditions, different heat rate curves might result. Three 
curves for each unit are available, each for a different constant cir­
culating water temperature — 65°F, 75°F, and 85°F. 
The company suggested that the 75°F curves be used. It was 
decided that during the warm months a different curve would provide more 
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accurate results. This was accomplished in the model by modifying the 
BTU per net kilowatt-hour, which is obtained from the heat rate curve, 
A suitable adjustment will be determined by experimentation. 
The heat rate curve for each unit is shown in Figure 29, Only 
the 75°F curves are shown, since they are the basis for those included 
in the model. 
To compensate for the operation of the other two plants, a base 
generation load of 81 megawatts is included during the time Gan 1 is in 
operation alone. As soon as Gan 2 is in service this base generation 
at the other plants is reduced to 55 megawatts. When Gan 3 is installed, 
all base generation at the other plants is neglected. The 81 megawatts 
represents the largest of the units at each of the other plants, and 
the 55 represents the largest unit at one of the plants plus the second 
largest unit at the other plant. 
Results of the Validation 
The complete model used for the validation study is given in Appen­
dix D. 
To check the validity of the model, three outputs from the simu­
lation are compared with actual company operating results. These actual 
results are published by the company in an annual report of the company's 
financial and operating statistics. The comparisons will be on the fuel 
cost for operating Gan plant, the kilowatt-hours generated at the Gan 
plant, and the total generation demanded by the total system. The results 
are shown in Table 10. 
The comparison indicates a very close relationship between the 
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Figure 2 8 . Correction Factor, 1960 
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actual and simulated results. Another indication of the satisfactory 
operation of the model is seen by comparing the portion of the total 
generation at Gan to the total company generation demanded for both the 
simulation and actual operation. In 1958 the simulation for Gan gener­
ated 41.8 per cent of the total and the actual was 40.4 per cent. In 
1959 the simulation was 59.7 per cent compared to 56.6 per cent, and 
in 1960, 66.4 per cent compared to 65.5 per cent. The total for the 
three year study was 56.8 per cent for the simulation and 55.3 for the 
actual results. These results also suggest that the simulation model 
is behaving very closely to the actual operation of the company. ! 
The results obtained were based on the use of 5 per cent as the 
adjustment to the instantaneous demand. The heat rate curve necessary 
to produce these results was the 70°F curve for winter and the 75°F I 
curve for summer. ! 
Conclusions 
I 
The results indicate that the selection of all of the factors 
i 
is satisfactory. Further modification of the adjustments could probably 
make possible a closer correlation of the actual and simulated results. 
However the results appear to be acceptable for the purpose of this 
study. The following chapter will utilize the basic model to conduct 
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Figure 29. Heat Rate Curves for Gan 1, Gan 2 and Gan 3 
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Table 10, Validation Results versus Actual Results 












1958 3,006,000 102.6 829,700 105.5 1,986,800 102.1 
1959 4,601,000 101.8 1,325,900 105.7 2,220,800 100.5 
1960 5,324,000 94.4 1,647,700 101.1 2,480,100 99.7 
Total 12,931,000 98.8 3,803,300 103.6 6,687,700 100.7 
Actual 
1958 2,930,371 786,405 1,945,211 
1959 4,517,800 1,254,750 2,209,186 
1960 5,642,001 1,629,143 2,487,104 
Total 13,090,172 3,670,298 6,641,501 
The per cent is the ratio of validation results to actual results. 
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CHAPTER VI 
DETERMINATION OF A MEASURE OF PERFORMANCE 
Introduction 
The validation of the model having been completed, a tool is 
now available to conduct studies specifically intended to develop a 
technique for measuring managerial performance. It is reemphasized at 
this point that the objective of this research is not to develop a 
specific measure of performance for the particular company being used 
in this research. Rather, the objective is to develop a technique 
and procedure which will make a measurement of this sort possible. 
For this purpose the company previously used for the valida­
tion study, XCO, is used. It is necessary to select a time period, 
after which various alternatives are selected and simulated on the 
computer model. The results of these runs will be discussed and a 
measure of performance presented. 
The purpose of using various alternatives is to determine 
whether a better investment pattern and selection of unit sizes could 
have been followed by the management. The definition of best is the 
lowest total present worth cost as previously discussed. 
Additional cost information necessary for this phase of the 
study includes cost of installation for each unit, method of financing, 
insurance rates, property tax rates and federal income tax rates. Also 
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necessary is a cost figure for each kilowatt-hour of electricity that 
is not generated at Gan plant. 
Selection of Study Period 
To provide a basis for this selection, it is helpful to con­
sider the growth pattern of the company and the installation pattern. 
Figure 30 provides a plot of this information. At the beginning of 
1958, the generating capacity was adequate for the peak load and at the 
end of 1963 it appeared to be adequate. Approximately the same excess 
capacity was available at each point, the excess being expressed as a 
percentage of the peak load. There are also other reasons for using 
this period. 
In the validation study the first three years of data were 
already in the model. Also, during this six year period only three 
units were in operation. Thus no modification will be necessary to the 
basic model. Six years is a sufficient period to provide several alter­
native generating installation patterns. Therefore, the six year period 
from 1958 to 1963 was selected as the study period. 
Selection of the Alternatives 
Figure 30 presented the actual installation pattern the company 
followed with its generating units. This existing pattern is referred 
to as alternative A and is the same one used for the validation study. 
Investigation of the growth pattern suggests other management patterns 
which the company could and might have followed had it known with cer­
tainty what the growth pattern would be. 
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While many possible patterns could be considered, a study of the 
growth rate suggests certain obvious possibilities. The first is that 
of using a single large unit for the overall period under study. A 350 
megawatt unit would provide sufficient capacity for this period. This 
size unit is more efficient than the units used in alternative A. The 
question to be considered is whether the extra investment at time zero 
would be offset by the reduced fuel costs. Also, the effects the other 
cost aspects might have on the total costs is not certain. This alter­
native is referred to as B. Figure 34 presents a comparison of this 
alternative and the next two. 
Alternative C is suggested as a compromise between A and B. It 
is not expected to be the optimum but neither is it expected to be the 
poorest. It consists of an initial unit size of 150 megawatts and a 
second unit of 200 megawatts which would be placed in service in November, 
1960. 
Alternative D was expected to be the best solution, since the 
capacity remains as close as possible to the annual peaks. It begins 
with the same 150 megawatt unit as in C but, instead of installing a 200 
megawatt unit, a 130 megawatt unit is installed in November. The total 
capacity remains unchanged until November, 1962, at which time a 70 
megawatt unit is installed. The investment cost of this pattern will 
be at minimum, but it is uncertain as to whether this will be sufficient 
to offset the higher fuel costs resulting from using smaller less effi­
cient units. 
The three alternatives suggested are in keeping with the same 
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technological advances which the company has found acceptable. No rad­
ical changes are to be introduced, such as adding a nuclear unit or 
switching to hydro-electric generation. All of these are possibilities 
but are not in the scope of this study. A measure of performance can 
be secured by remaining consistent with the philosophy which the manage­
ment has been following regarding the type of generation to be used. 
Modifications to Validated Model 
It is necessary to modify the model to eliminate the possibility 
that a particular alternative might be unknowingly favored. For this 
reason the unit down times will not be included in the model. It would 
be very difficult to estimate the down times for other units. Thus, by 
not including any down times, all of the alternatives are being treated 
equally. 
The base generation at other plants was withdrawn from the model. 
Company policy will determine the amount to use with each of the other 
alternatives. If this figure is left out for all four alternatives 
there is no bias toward any one of the plans. In conjunction with this, 
Gan plant will not generate all the system requirement even though there 
is no arbitrary base generation at the other plants. This is due to a 
combination of the demand of each hour and the minimum generation imposed 
on each generator. The minimum, it will be recalled, is the point on 
the heat rate curve beyond which it is economical to operate that unit. 
If only one unit is serving Gan for the entire period of time, 
the other generation would be the sum of all of the hourly generation 
demands which were less than the minimum for the unit. However, with 
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two units, it is the balance not generated by the most efficient unit 
which must be compared with the minimum capacity of the remaining unit. 
If the remaining demand is less, then this amount is transferred to 
the other generation account. With three units this process would 
involve the complexity of the demand remaining from the first two more 
efficient units. 
Since some other generation will occur, and it will be different 
for each combination of units and sizes, a cost must be attached to 
it so that the alternative can be fairly compared. The results will 
be used for relative comparison between the alternatives. Therefore 
if the cost is reasonably realistic the outcome of the comparison will 
be unchanged. 
The company has two other plants which will be used for providing 
this additional generation. The only significant variable cost asso­
ciated with the operation of these plants for other generation is the 
fuel cost. From information in the company's operating statistics cal­
culations were conducted which yielded a fuel cost of approximately 0.5 
cents per kilowatt-hour generated. This is the figure which establishes 
the cost for additional generation. 
The cost of the units is needed, not only to reflect the invest­
ment, but also as a basis for calculating the insurance costs, taxes 
and depreciation. All costs for alternative A will be used to determine 
the costs of units for the other alternatives, by interpolation and 
extrapolation. The insurance rate for alternative A will be used on all 
the other alternatives. The same procedure applies for property taxes. 
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The costs of installing Gan 1, Gan 2 and Gan 3 were $18,347,357, 
$14,443,492, and $19,489,280 respectively. The cost per kilowatt of 
capacity of the first unit is always higher than the second or third 
unit since it is charged with land and right-of-ways which are one-time 
costs. Costs for structures and improvements and miscellaneous equip­
ment for the first unit is higher than for the succeeding units as there 
i s :so.mev carry over in the use of some of this equipment. Therefore 
a base cost of installing the first unit was established as the differ­
ence! between the cost of unit one and unit two. It was arbitrarily 
assumed that this base would be constant regardless of the size of the 
first unit. The variable cost was approximated by the cost per kilowatt 
of capacity for unit two. 
The base cost was assumed to be $3,903,865 and the variable cost 
was assumed to be $115.55/KW. Table 11 contains the results of the 
cost estimation procedure for all units used in the B, C and 0 alterna­
tives 
Table 11. Cost Estimates for Alternative Units 
Unit size -KW Total Cost Cost/KW 
350,000 $44,346,365 $126.70 
200,000 23,110,000 115.60* 
150,000 21,236,365 141.60 
75,000 8,666,250 115.60* 
These units will not be the initial unit in the plant. 
1 1 6 
The cost of cap i ta l needs to be considered in t h i s phase of 
the study. I f the s ingle s ecur i ty issue were made a t the time a unit 
was complete, then the problem would be simple. However, t h i s was not 
the case with t h i s company. Unit one was i n s t a l l e d in September, 1 9 5 7 . 
In J u l y , 1 9 5 7 , an $ 1 8 , 0 0 0 , 0 0 0 , 5 per cent f i r s t mortgage bond issue 
was of fered and sold f o r a premium. In September, 1 9 5 7 , some common 
stock was sold which yielded $ 5 , 9 3 1 , 9 0 8 . In J u l y , 1 9 5 8 , a $ 2 5 , 0 0 0 , 0 0 0 
4 . 2 5 per cent f i r s t mortgage bond issue was made and the bulk of i t was 
used to c a l l the $ 1 8 , 0 0 0 , 0 0 0 5 per cent i ssue made in 1 9 5 7 . To con­
t r i b u t e to the complexity, short term bank loans as wel l as reta ined 
earnings were used during the construction period for p a r t i a l financing 
of the construct ion. There were no records made a v a i l a b l e to the author 
indicat ing the actual sources of funds used to finance the i n s t a l l a t i o n . 
Due to t h i s problem, i t was decided to use the investment as i t 
was reported for each uni t and to discount any future investment back 
to the present ,wi th the earnings r a t e as the discount r a t e . The d e t e r ­
mination of the t r u e cost of cap i ta l for each unit investment presents 
a formidable problem and i s c e r t a i n l y wortn consideration in a separate 
study. 
An insurance r a t e was determined from the t o t a l annual insurance 
premium which the company paid in 1965 on the Gan p l a n t . The t o t a l 
investment a t t h a t time included Gan 4 but the r a t e per d o l l a r of i n v e s t ­
ment should be reasonably constant. The t o t a l premium was $56 ,335 or 
a r a t e of 0 .0008185 d o l l a r per d o l l a r of investment. The property taxes 
for 1965 were $ 3 3 1 , 6 6 6 for a r a t e of 0 .004819 d o l l a r s per d o l l a r 
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investment. These rates are included in the model to be used with 
each alternative. 
The income tax rate used in this study is 50 per cent. This 
falls just short of the incremental rate which a corporation at that 
time paid on all taxable income in excess of $25,000. There is no 
state income tax in the state in which XCO operates. 
Additional heat rate curves are required for the units used in 
alternatives B, C and D. For the purposes of this study it was decided 
to interpolate and extrapolate from the existing curves and assume that 
the company would be in keeping with the technical level acceptable to 
them in alternative A. The curves so estimated are shown in Figures 
31, 32 and 33. Another actual curve was available from the company for 
a 260 MW unit which was installed after this study period. The estimated 
curves are included in the model with reference to the alternative for 
which they are required. 
The annual earnings rate of the company is used as the annual 
interest rate in the present worth conversions. The rates are as fol­
lows: 0.027, 0.021, 0.018, 0.018, 0.021, and 0.019 for the years 1958 
through 1963 respectively. These rates are programmed into the model. 
The fuel costs for the first three years were included in the 
model for the validation study. The fuel costs for the next three years 
are added to the model so that complete fuel cost data is in the model 
for the period 1958 through 1963. The same is true for the monthly de­
mand data. It has also been updated to include the data for the overall 
period. 
Figure 32. Estimated Heat Rate Curves Including Actual Curves Used 
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Results of the Alternative Simulation Studies 
As previously outlined, each alternative was programmed into 
the model and the simulation was carried out for the same period of 
time with the same growth rate of demand. The results of the computer 
simulation for each alternative are shown in Table 12, The total cost 
is the present worth of all of the costs which occurred throughout the 
study period. 
Alternative B is the least expensive plant to provide services 
for this period of time. Alternative A is the most expensive since 
the total capacity of the three units exceeded those of other alterna­
tives. Interesting is the fact that there is a variation among the 
other three alternatives of $7,653,000 — a significant difference to 
accrue over six years. 
Table 12. Results of the Simulation for all Alternatives 
Alternatives A B C D 
Fuel Cost 43,281,000 45,650,000 38,290,000 35,382,000 
Other Generation 
Costs 10,973,000 4,199,900 17,546,000 22,291,000 
Investment Cost 50,917,000 44,247,000 43,117,000 42,188,000 
Property Tax cost 1,230,100 1,197,400 982,170 898,740 
Insurance cost 208,930 203,370 166,820 152,650 
Income Tax credit 7,369,400 7,044,400 5,935,400 5,441,900 
TOTAL COST 96,465,000 85,756,000 91,672,000 93,409,000 
Gan Generation 
Cost MWH 13,549,000 14,918,000 12,155,000 11,122,000 
Total Generation 
MWH 15,839,000 15,839,000 15,839,000 15,839,000 
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In analyzing the results, alternative B is the lowest primarily 
because of its ability to generate the largest portion of the total 
kilowatt-hour demand of the system. Thus fewer of the kilowatt-hours 
were charged to the other generation cost at 0.5 cents per kilowatt-hour. 
Also, the average fuel cost of generating electricity with alternative 
B is the least expensive of the four alternatives at a rate of 0.306 
cents per kilowatt-hour. It is 0.320, 0.315, and 0.320 cents per kilo­
watt-hour for alternatives A, C and D, respectively. 
These significant reductions in unit fuel cost are more than 
sufficient to offset the higher investment cost. Alternative B is also 
favorable regarding the income tax benefit when comparing it with alter­
natives C and D. It is $1,109,000 better than alternative C and $1,602,500 
better than alternative D. When compared with alternative A the differ­
ence is close — $325,000. 
Measure of Performance 
The measure of performance is defined in Chapter I as the ratio 
of the standard performance measure to the actual performance measure. 
The standard performance measure is the cost of the best alternative. 
In this example, it would be the cost associated with alternative B — 
$85,756,000. The actual performance would be the cost associated with 
the alternative representing the actual investment pattern. This would 
be the cost for alternative A — $96,465,000. 
The measure of performance is $85,756,000/96,465,000 or 0.889 
which may be expressed as 88.9 per cent. This measure indicates that 
the company's performance could have been 11.1 per cent better than it 
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actually was. This calculation, 0.111 x$96,465,000, yields $10,709,000 
which is as expected (96,465,000 -85,756,000). If the results of alter­
native D were to be considered as the actual performance, then the meas­
ure of performance would be 91,8 per cent and for alternative C it would 
be 93,5 per cent. There are many alternatives which the company could 
have followed which would have provided poorer results than alternative 
A. If this had happened, then the measure of performance would have 
been lower than 88.9 per cent. 
Recommendations for Adoption 
These results are based on estimated cost data and heat rate 
curves for the alternative courses of action. Thus the measure of per­
formance is considered an indication of the performance rather than a 
specific measure. If a commission were to adopt this method for deter­
mining managerial performance. It might consider the following recom­
mendation. 
First, when a company considers the installation of a unit, it 
would be required to secure alternative bids from the manufacturers 
and provide this information to the commission. This information would 
include cost data and heat rate curves for generators which were avail­
able to the company. With this data, many alternatives could later be 
simulated for the specific company and the results would be realistic. 
Second, a committee consisting of representatives of each of the 
power companies should be organized. They would make decisions regard­
ing the arbitrary assumptions made in this study, for example the cost 
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of other generation, the interest rate to use, and the treatment of 
cost of capital. 
Otherwise, the same procedure followed in this study for secur­
ing the data is recommended. Perhaps the validation study could be 
experimented with further, but this is not viewed as a critical point 
by the author. 
Conclusions 
The results of applying the alternatives to the model have pro­
vided the type of information expected. The magnitude of the specific 
results was not necessarily as anticipated. Alternative B probably would 
have been difficult for management to accept, and even more difficult 
to sell to the directors of the company. Thus it would have taken an 
astute management to select such an alternative. This is an indication 
that this type of study is essential and can be used by the utilities 
for planning purposes. The measure of performance determined for XCO 
indicates that this method will meet the objectives of the study. 
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CHAPTER VII 
CONCLUSIONS AND RECOMMENDATIONS 
The literature abounds with methods for measuring managerial 
performance but none is applicable by regulatory commissions for the 
purpose of basing a reward for above average managerial performance. 
The development of a simulation model to represent an electric utility 
operation for determining a measure of managerial performance is a new 
approach. This approach allows the actual performance of a utility to 
be comparable to possible performance during the same periods of time. 
Twenty-three companies were selected as the sample to study. 
Analyses in Chapter III revealed that among the sample the production 
department accounted for 60 per cent of the total operating expenses 
and 40 per cent of the total plant investment. Multiple correlation 
studies showed that among the sample 87.5 per cent of the variation in 
the total operating costs was attributed to variation in the production 
costs. Consequently, the production department was accepted as being 
satisfactory for the purposes of this study to represent the operation 
of an electric utility company. 
The general model is developed in Chapter IV. The hour was 
selected as the basic unit of time for simulating the operation. A 
procedure was developed to provide accurate hourly demand information 
in the model with a minimum of demand information as input. The 
introduction of actual heat rate curves for the company's generators and actual 
fuel costs provided the remainder of the information required for the determination 
126 
of the economic loading of the generators during the simulation study. 
This provided the operating cost information. The other costs considered 
in this study were those associated with the investment. These included 
the cost of capital, insurance costs, property taxes and the income tax 
effect resulting from the depreciation of the production equipment. 
The comparison of the costs for simulation operation of each 
proposed alternative was made using present worth equivalents. It was 
necessary to consider the minimum attractive rate of return to be used 
for discounting all of the costs to the beginning of the study period. 
Chapter IV also contains the necessary mechanics for accomplishing the 
actual discounting during the study, utilizing the continuous compound­
ing technique. The general model was translated into a computer model 
using the Dynamo language. Data was collected from a selected company 
and used to operate the model on an IBM 7094 computer for validation 
purposes. The simulation results and the actual published results for 
the same time period were compared. Chapter V presents the details of 
this validation study. The conclusion was that the model does provide 
acceptable operating results. 
The same company which was used for the validation study was 
also used for determining a measure of performance by the method pro­
posed in this study. Alternative investment patterns were considered 
which management could have followed. Each of these alternatives and 
the actual pattern followed for this same period of time was simulated. 
A comparison of the present worth equivalents for each of these 
alternatives provided a measure of performances as outlined in Chapter 
VI. 
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The a l t e r n a t i v e s selected were not exhaust ive . They did appear 
to consider what could be cal led the extreme points of the set of a l l 
poss ible points or a l t e r n a t i v e s . The important r e s u l t of t h i s study 
i s not t h a t the best a l t e r n a t i v e was considered but r a t h e r t h a t a l t e r ­
na t ive s can be selected which do provide s i g n i f i c a n t l y d i f f e r e n t r e s u l t s 
than those chosen by management. By the use of the extreme points i t 
should be a quick process to s e l ec t the optimum a l t e r n a t i v e by the 
process of e l iminat ion. The r e s u l t s of the a l t e r n a t i v e s selected did 
r e v e a l a s i gn i f i cant d i f f erence between r e s u l t s . In t h i s p a r t i c u l a r 
case i t was an extreme point which was the optimum. 
The hypothetical nature of the study i s recognized. I t was 
necessary to make assumptions regarding costs and heat r a t e curves for 
the a l t e r n a t i v e pa t terns of uni t i n s t a l l a t i o n . Suggestions were made 
which would make poss ible the use of actual data should t h i s method be 
adopted by a regu la tory body for measuring managerial performance. 
This method does provide a technique for establ ishing a measure 
of performance which i s completely independent of the r e s u l t s of other 
companies* operat ions . I t i s a measure of actual performance compared 
to poss ib le performance. I t can be stated t h a t a method has been deve l ­
oped for measuring managerial performance in the regulated e l e c t r i c 
u t i l i t y industry . This method can be adopted by a commission for a p p l i ­
cation within i t s j u r i s d i c t i o n . I t i s expected that the nature of t h i s 
technique would r e s u l t in consistent and f a i r treatment for a l l the com­
panies to which i t i s appl ied. 
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Recommendations 
The following suggestions are made for possible future research: 
1. The development of a measure of performance is the first step 
toward fulfilling the need to reward managerial efficiency in the regu­
lated utilities. With a measure of performance available, the next step 
is the development of a procedure for translating the measure of perform̂ -
ance into a reward for the utility. 
2, Since this study has been conducted with electric utilities, 
further research could be performed by developing simulation models for 
the other industries. Applying the same techniques used in this study to 
these models would provide a measure of performance for these other 
utilities. 
3, Further research could be accomplished by developing a model 
with a different simulation language or developing a simulation language 
specifically for this type of study. 
4. Investigation of the use of the model for other purposes 
within the electric utility is another possibility. This could include 
the use of the model for investigating investment pattern proposals. 
By varying the daily load profile which could be effected by a sales 





A LIST OF TWENTY-THREE PRIVATELY OWNED 
ELECTRIC UTILITIES 
A sample of 23 privately owned electric utility companies was 
selected for this study. The companies chosen, listed in the order 
in which they appear in Federal Power Commission publications, are as 
follows: 
1. United Illuminating Company (Connecticutt) 
2. Potomac Electric Power Company (D.C.) 
3. Florida Power Corporation (Florida) 
'• - 4. Florida Power and Light Company (Florida) 
5. Gulf Power Company (Florida) 
6. Tampa Electric Company (Florida) 
* 7, Savannah Electric and Power Company (Georgia) 
8. Commonwealth Edison Company (Illinois) 
9. Indianapolis Power and Light Company (Indiana) 
10. Public Service Company of Indiana, Inc. (Indiana) 
11. Louisiana Power and Light Company (Louisiana) 
12. Mississippi Power Company (Mississippi) 
13. Mississippi Power and Light Company (Mississippi) 
14. Atlantic City Electric Company (New Jersey) 
15. Jersey Central Power and Light Company (New Jersey) 
16. Columbus and Southern Ohio Electric Company (Ohio) 
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17. Ohio Power Company (Ohio) 
18. Duquesne Light Company (Pennsylvania) 
19. West Penn Power Company (Pennsylvania) 
20. Dallas Power and Light Company (Texas) 
21. Houston Lighting and Power Company (Texas) 
22. Southwestern Electric Power Company (Texas) 
23. Texas Electric Service Company (Texas) 
The 
will be used 
number listed beside each company is the number which 
to reference each company in the remaining appendices. 
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APPENDIX B 
OPERATING EXPENSES FOR TWENTY-THREE SELECTED 
COMPANIES, 1951-63 
Operating expense data for electric utility companies is pub­
lished annually by the Federal Power Commission. From this the data 
for each of the 23 selected utilities was tabulated on punched cards, 
by years, for the six expense areas as designated by NARUC, for the 
total expenses, and for the total kilowatt hours generated. An Algol 
program was written so that the punched card data could be presented as 
a per cent of the total and also as cents per kilowatt-hour. The out­
put of this information is presented on the following pages. 
In the column titled nCO-YRn the last two digits are the year, 
and the preceding digit(s) is the number assigned each company in 
Appendix A. The kilowatt-hours are expressed in millions of KWH and 
the amounts are expressed in thousands of dollars. 
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0 . 0 4 0 2 5 2 
1 8 3 7 
9 . 0 1 8 
0 . 0 9 0 8 3 1 
1 9 4 2 
6 . 4 0 4 
0 . 0 6 5 0 3 7 
2 1 1 6 
8 . 1 6 1 
0 . 0 6 4 3 3 5 
2 5 2 3 
4 . 1 1 6 
0 . 0 1 6 3 B O 
3 3 7 8 
7 . 3 4 2 
0 . 0 4 6 B 3 2 
2 9 B 2 
7 . 0 7 2 
0 . 0 4 6 4 4 9 
1 5 9 1 
7 . 6 7 9 
0 . 0 4 0 6 2 8 
2 6 1 0 
4 . 9 9 9 
0 . 0 2 2 1 8 1 
2 3 5 
4 . 0 6 4 
0 . 0 2 7 7 1 2 
9 7 8 0 
4 . 6 9 5 
0 . 0 3 5 7 4 4 
1 1 1 4 
5 . 2 0 0 
0 .031345 
1 3 5 3 
4 . 2 4 2 
0 . 0 2 3 8 4 5 
1 4 6 0 
5 . 9 0 2 
0 . 0 3 1 3 7 1 
4 3 2 
3 . 3 9 0 
0 , 0 2 0 8 5 9 
1 1 7 2 
5 . B 8 6 
0 . 0 4 0 9 5 0 
1 3 6 1 
6 . 6 8 1 
0 . 0 6 7 3 1 0 
9 8 1 
3 . 2 3 5 
0 . 0 3 2 9 5 3 
1 4 1 9 
5 . 4 7 3 
0 . 0 4 3 1 5 7 
3 6 4 6 
5 . 9 4 8 
0 . 0 2 3 6 7 1 
1 S 5 8 
4 . 0 3 8 
0 . 0 2 5 7 7 0 
3 1 3 5 
7 . 4 3 4 
0 . 0 4 B 8 3 2 
1 3 8 5 
6 . 6 8 5 
0 . 0 3 5 3 6 8 
1 5 6 4 
2 . 9 9 6 
0 . 0 1 3 2 9 1 
8 2 6 
1 4 . 2 9 6 
0 . 0 9 7 4 0 6 
5 7 9 , 
1 0 0 , 0 1 0 
0 .6918 ( 1 1 
7 6 2 
2 5 5 4 5 ? 0 B 7 l ? 7 7 3 6 1 
1 2 . 2 3 8 1 0 0 . 0 1 0 
, 0 9 3 3 6 3 0 . 7 8 2 8 « 1 
3 0 5 9 2 1 4 7 ? 
1 4 , 2 8 0 1 0 0 , 0 0 1 
. 0 8 6 0 7 2 0 . 6 0 2 7 5 7 
5 8 5 3 
1 5 . 9 8 B 
0 . 0 8 9 8 6 6 
4 1 1 5 
1 6 . 6 3 4 
1 . 0 8 8 4 1 9 
1 9 9 8 
1 5 . 6 7 9 
0 , 0 9 6 4 7 5 
3 7 6 8 
1 8 . 9 2 2 
0 . 1 3 1 6 5 6 
2 6 7 7 
1 3 . 1 4 2 
1 . 1 3 2 3 9 4 
4 9 1 3 
1 6 . 2 0 2 
0 . 1 6 4 5 3 4 
3 5 8 9 
1 3 . B 4 3 
0 . 1 0 9 1 5 5 
7 4 4 1 
1 2 . 1 4 0 
1 . 0 4 8 3 0 9 
8 3 1 4 
1 8 . 0 7 0 
0 . 1 1 5 3 1 2 
8 0 5 5 
1 9 . 1 0 2 
0 . 1 2 5 4 6 7 
3 2 2 7 
1 5 . 5 7 5 
0 . 0 8 2 4 0 6 
IO593 
2 0 . 2 7 0 
0 . 0 8 9 9 3 8 
3 6 6 0 8 
1 0 0 , 0 0 0 
0 . 5 6 2 0 7 6 
2 4 7 3 9 
1 0 0 . 0 0 0 
0 . 5 3 1 5 * u 
1 2 7 4 3 
1 0 0 . 0 1 1 
0 , 6 i 5 3 0 7 
1 9 9 1 3 
1 0 0 . 0 0 0 
0 . 6 9 5 7 7 7 
7 0 3 7 0 
1 0 0 . O O O 
1 . 0 0 7 4 1 9 
3 0 3 7 4 
1 0 0 . 0 0 0 
1 . 0 1 5 5 3 9 
2 5 9 ? 7 
1 0 0 . D o n 
0 . 7 9 8 5 3 4 
6 1 2 9 4 
1 0 0 . 0 0 0 
0 . 3 9 7 9 3 5 
4 6 0 l 0 
1 0 0 . 0 0 0 . 
0 . 6 3 8 1 4 1 
4 2 1 * 9 
1 0 0 . 0 1 0 
0 , 6 5 6 8 3 9 
2 0 7 1 9 
1 0 0 , 0 0 0 
0 . 5 2 9 0 9 6 
5 2 2 0 9 
1 0 0 , 0 0 0 
0 , 4 4 3 6 9 0 
3354 
1 0 6 2 
7 2 1 0 ] 8 6 2 
1 1 7 6 7 2 ) 6 2 
I Ur TUTAL 
CtNTS/*dH 
AMUjNt 
X Ur TUTAL 
CtNTS/Hrtrt 
SUMM»«r 
1 ur total 
CtNTS/H(*H 
44.977 
0 , 2 7 0 5 2 4 
1 9 0 7 2 
5 2 . 0 7 7 
0 , 3 l 0 6 1 9 
5 A . / 4 J 
0 . 3 5 9 2 0 6 
9 1 8 
3 . 2 2 5 
0 . 0 3 1 4 2 8 
1 7 1 B 
3 . 3 2 s 
0 , 0 1 9 8 3 7 
2 . 9 2 5 
0 . 1 ) 1 9 1 3 7 
1 9 . 2 3 8 
0 . 1 1 5 7 1 4 
5 5 6 6 
1 5 . 1 9 8 
0 . 0 9 0 6 5 1 
1 5 . 9 7 6 
0 . 1 0 4 5 3 5 
9 . 5 9 6 
0 . 0 5 7 7 2 0 
2 3 9 9 
6.548 
0 , 0 3 9 0 5 5 
QIST CUST AIS 
6 . 4 9 6 
0 . 0 4 2 5 0 6 
6 . 9 0 4 
0 . 0 4 1 5 Z 7 
2 1 7 9 
5 . 9 5 0 
0 , 0 3 5 4 8 9 
4.B49 
0 . 0 3 1 7 3 0 
1 4 . 0 5 9 
. 0 8 4 5 6 0 
1 7 5 6 9 2 9 2 1 
1 O 0 . 0 0 O 
0 , 6 0 1 4 7 ? 
6 1 9 0 3 6 6 ? 3 
l 6 , 9 0 ? 1 0 0 , 0 0 0 
0 , 1 0 0 8 1 4 0 . 5 9 6 4 6 6 
S»l£S 4 0 I SEN 
1 5 . 0 1 2 
, 0 9 9 2 2 9 
TOTAL 
100.000 
0 , 6 5 4 3 4 4 
135 
|)1ST CUS T A I u SALES AO I SEN T O T A L 
ANOjNt 
i or total 
C t N T S 7 * * r t 
AMUUNl 
* UF 'jTal 
CtNTS/<<M 
AMUUNl 
S Of IJTAL 
CtNT5/*«M 
AMOUNI 
s or utal 
CLnT5/*iH 
AMOJNl 
i or fJTAL 
CtNTS/«lM 
AMJJN t 
i or tjTAt 
CtNTSMrtH 
AMOUNT 





I Op TJT»L 
Ct"<TS/i<iH 
AMJUNl 
i or TJTAL 
Ct«*1 S/**H 
AMoy n t 
t or Total 
CtNTS/**H 
amount 
% OF IjTAL 
Ct*TS/<«rt 
1 5 6 0 ? 
\ 1 . « 1 ? 
0 . & 9 9 0 1 4 
??07z 
l i t . ' 6 0 
U . 3 9 9 2 0 4 
1 7 8 8 4 
3 8 . 0 5 4 
0 . 31 6 8 7 9 
1 7 * 4 1 
5 0 . 3 2 2 
0.439111 
6 0 1 8 
**. *J? 
0 . 3 8 2 3 3 6 
1 2 0 * 2 
6 ? . 9 6 9 
0 . 4 .197 * * 
3 1 7 3 
5 7 . 3 7 B 
0 . 4 1 8 0 5 0 
1 0 9 7 2 5 
0 . a 3 l 4 1 i 
1 r u v y 
5 5 . 6 6 « 
1 . 3 4 1 0 8 8 
I 8 3 * 6 
5 ? . 9 9 3 
I ) . 3 0 3 1 0 V 
1 0 1 2 * 
1 8 . in 
0 . 2 7 3 1 6 6 
7 3 9 9 
" , 3 . 3 7 0 
0 . 4 | 5 * 0 8 
? 2 4 
0 . 9 1 6 
0 . 0 1 0 0 3 6 
? 1 1 
O . S 2 3 
0 . 0 0 3 8 1 6 
1 3 0 2 
« . 2 2 6 
0 , , ) 3 7 * 3 0 
1 0 6 3 
2 . 6 6 6 
0 . 0 * 3 1 6 9 
3 0 3 
3 . 1 3 2 
U . 0 1 0 7 5 0 
uOf 
2 . , 3 ? 
0 . 0 1 4 8 8 7 
l f > 
0 . 1 8 1 
0 . 1 0 1 3 1 8 
5 4 5 0 
* . 7 6 6 
w . 0 * 1 '16 7 
5 5 2 
2 . 7 7 8 
0.01*164 
17 ,30 
4 . 7 0 3 
0 . 1 * * 9 * 0 
* 3 9 
3 . 0 7 7 
0 . 0 1 7 7 3 3 
3 3 B 
2 . 8 3 1 
0 . 0 1 8 5 1 0 
3 2 2 1 
1 3 . 1 7 4 
0 . 1 4 4 3 1 0 
8 2 4 0 
2 0 , 4 4 3 
3 . 1 4 9 0 3 2 
4 t > 0 7 
1 4 . 9 5 5 
1 . I 3 3 1 5 0 
1 3 3 9 7 
1 8 . 4 3 9 
0 , 1 6 0 2 6 4 
1 1 2 5 
1 1 . 6 2 * 
0 . 0 7 1 4 7 4 
2 2 0 4 
1 1 . 3 4 4 
0 . 0 8 0 6 1 4 
9 8 9 
1 6 . 0 7 * 
0 . 1 1 7 l 2 > f 
3 4 7 7') 
1 7 . 6 1 6 
0 . 1 3 6 7 4 ? 
3 0 3 4 
1 5 . 2 7 1 
0 . 0 9 3 * 3 9 . 
S I M 
1 4 . 7 4 9 
0 . 0 8 4 3 19 
3 6 9 9 
1 7 . 9 1 3 
0 . 0 9 9 7 5 7 
1 2 3 7 
1 K. 3 6 ? 
3 . 0 & 7 7 4 4 
1 4 3 * 
5 . 9 3 9 
0 , 0 6 5 0 5 4 
2 2 3 0 
5 . 5 3 3 
O . 0 4 0 3 3 3 
2 1 0 9 
6 , 8 4 6 
3. 0 6 0 9 3 4 
5 1 2 » 
6 . 9 5 7 
0 , 0 6 0 4 6 3 
5,00 
6 . 0 7 8 
0 . 0 3 7 3 5 7 
1 1 9 0 
6 . 1 9 1 
0 . 0 4 3 1 6 0 
4 2 3 
7 . 6 4 9 
0 . 0 5 5 7 3 1 
1 3 78 1 
6 . 9 9 0 
3 , 0 5 4 1 9 3 
1 2 2 1 
6 , 1 4 0 
0 . 0 3 7 5 2 3 
2 6 1 1 
7 . 5 3 6 
0 , 0 4 3 1 9 6 
1 3 9 3 
6 . 7 0 8 
3 . 0 3 7 5 6 7 
6 3 2 
5 . 4 6 2 
0 . 0 3 5 7 0 6 
6 2 4 
3 . 3 7 0 
0 . 0 3 6 9 1 8 
1 2 7 2 
3 . 1 5 6 
0 . 0 2 3 0 0 6 
1 3 2 4 
4 . 2 9 8 
0 . 0 3 9 2 6 6 
3 9 0 6 
5 . 3 0 7 
0 . 0 4 6 0 7 9 
2 » 6 
2 . 9 5 6 
0 . 0 1 8 1 7 0 
6 7 9 
4 . 6 0 4 
0 . 0 3 2 1 3 1 
2 2 0 
3 . 9 7 8 
0 . 0 2 9 9 6 6 
8 0 3 4 
4 . 0 6 9 
0 . 0 3 1 3 8 8 
1 1 4 4 
5 . 7 5 8 
0 . 0 3 5 1 5 7 
1 3 4 3 
3 . 8 7 6 
0 . 0 ? 2 * 1 3 
1 * 4 0 
5 . 9 7 1 
0 . 0 3 3 4 4 1 
4 1 1 
3 , 4 4 3 
0 . 0 2 2 5 0 8 
3 1 2 9 5 4 * 5 0 
1 2 . 7 9 8 1 0 0 . 0 0 0 
0 . 1 4 0 1 8 8 1 , 0 9 5 4 1 0 
6 2 8 2 4 0 3 0 7 
1 3 . 5 8 5 1 0 0 . 0 0 0 
0 . 1 1 3 6 1 9 0 . 7 2 9 0 1 1 
3 5 0 8 3 0 8 0 6 
1 1 . 3 8 7 1 0 0 . O O O 
1 . 1 0 1 3 6 7 0 . 8 9 0 3 4 7 
K m 
2 2 3 ? 
C U - T K 
1 6 1 
U 8 7 8 
1 6 . 1 1 4 
0 . 1 4 0 0 5 4 
1 3 5 5 
1 4 . 0 0 5 
9 . 0 8 6 0 8 6 
2 1 9 9 
1 2 . 5 6 5 
0 . 0 6 7 7 4 7 
8 1 5 
1 4 . 7 3 8 
1 . 1 0 7 3 7 8 
2 5 * 4 9 
1 2 . 9 9 2 
1 . 1 0 0 8 4 5 
2 8 1 9 
1 4 , 1 8 9 
1 . 0 8 6 6 3 2 
5 6 7 6 
1 6 . 7 3 8 
0 . 0 9 3 0 5 3 
3 6 6 5 
1 7 . * 4 9 
0 . 0 9 8 8 4 0 
1 7 5 7 
1 4 . 7 1 8 
0 . 0 9 6 2 2 1 
7 3 7 , 1 
1 0 0 . 0 0 0 
0 , » * 9 i S 5 
9 6 7 5 
1 0 0 . 0 0 0 
1 . 6 1 4 6 7 * 
1 9 0 9 ? 
1 0 0 . 0 0 0 
0 . 6 9 8 3 1 7 
5 5 1 0 
1 0 0 . 0 1 0 
0 . 7 2 6 5 9 0 
1 9 7 4 7 8 
1 0 0 , 0 0 0 
0 . 7 7 6 2 3 7 
1 V8*K 
1 0 0 . 0 0 0 
0 . 6 1 0 5 7 ? 
3 4 6 4 7 
l O O . O o f 
0 , 5 7 3 0 5 7 
? 0 7 6 6 
1 0 0 . O l O 
0 . 5 6 0 0 1 ? 
1 1 9 1 * 
1 0 0 . 0 0 0 
0 . 6 5 3 7 7 9 
8481 
3 2 5 4 
A M U U N l 
t OF IjTAl 
C L N T S M l H 
AMOUNT 
1 OF l O T A L 
C t N T S / ^ r f H 
A M U U N l 
S OF T j T A L 
CtNT5/<m 
amoun r 
I OF l O T A L 
C t * T S / K f H 
A M O O N l 
* OF IUTAl 
C t * T S / * * H 
AM0UN1 
* or I J T A L 
CtNTS7*«M 
AM0UN1 
f OF TOTAL 
C t N T S / K * H 
A M O U N I 
1 Or IJTAL 
C t N T S / K f H 
AMOUN1 
I OF l O T A L 
C f c . N T S / * H H 
A H J J N l 
1 or iutal 
C t M T S / K N r t 
AMOUNT 
t OF I J T A L 
CLNTS/KilH 
I Or TOTAL 
CtNTS/HKH 
8 * 8 8 
4 8 . 7 1 3 
0 . 3 3 B 4 2 4 
1 0 5 1 1 
3 1 . 3 9 8 
0 . 5 5 4 6 7 0 
1 3 9 3 2 
5 0 . 2 4 ? 
0 . 5 1 5 6 1 6 
1 1 0 9 5 
4 7 . 2 7 3 
0 . 3 6 7 5 0 * 
3 0 8 3 1 
5 5 . 3 8 7 
0 . 2 1 8 3 3 7 
7 3 9 6 3 
5 3 . 9 2 9 
0 , 3 4 7 * 4 0 
1 9 2 7 9 
4 7 . 5 5 4 
0 . 3 1 7 4 0 ? 
9 9 2 1 
5 1 . 7 9 6 
0 . 2 8 5 3 8 2 
7 4 7 7 9 
5 4 . 9 4 8 
0 . 7 4 5 9 7 0 
6 6 0 2 
4 2 . 2 5 8 
0 . 2 5 5 8 9 1 
I 6 4 3 t 
5 1 . 5 6 6 
0 . 3 0 6 2 3 6 
5 3 . 8 5 0 
0 , 3 6 0 9 9 0 
3 1 4 1 J 0 1 
2 . 0 2 2 1 7 . 6 5 . ) 
0 . 0 1 4 0 4 7 0 , 1 2 2 6 2 1 
8 5 2 1 5 2 7 
4 . 1 8 2 1 7 , 3 1 4 
0 . 0 4 4 9 6 0 3 . 1 B 6 1 2 t 
1 1 9 5 
4 . 3 0 " 
0.044??6 
11 « » 
3 . 0 6 6 
0,039384 
3 * 6 8 
6 , 6 2 1 
0 . 0 * 6 1 0 0 
7 5 6 
0 . 5 7 6 
0 . 0 0 3 7 1 0 
8 ? 5 
2 . ^ 3 5 
0 . 1 1 J 5 9 ? 
4 8 9 
*,579 
0 . 0 1 4 2 1 1 
474 
1 . 0 5 1 
0 , 0 0 4 7 0 5 
H94 
5 . 7 2 2 
0 . 0 3 4 6 3 1 
1 1 8 8 
3 . 7 2 4 
0 . 0 2 2 1 1 5 
2 . 9 4 7 
0 . 0 1 9 7 5 8 
5 3 5 7 
1 9 . 3 1 8 
0 . 1 * 8 * 6 1 
4 6 0 2 
1 9 , 6 0 8 
0 . 1 5 2 4 3 5 
7 6 A S 
1 4 . 0 8 4 
0 . 0 5 5 3 2 0 
7 4 9 * 
1 6 , 8 7 0 
3 . 1 0 8 6 2 2 
7 2 8 6 
1 7 . 9 7 7 
0 . 1 1 9 9 8 7 
2 8 6 2 
1 5 . 3 9 6 
0 . 0 8 3 1 7 3 
5 9 7 5 
1 3 . 0 2 8 
0 . 0 5 8 3 1 8 
3 0 8 3 
1 9 . 7 3 * 
0 . 1 1 9 4 9 6 
4 * 1 5 
1 4 . 4 6 6 
0 . 0 8 5 9 0 6 
1 1 1 5 
6 . 5 3 3 
3 . 0 4 5 5 * 9 
1 9 0 4 
9 , 3 4 7 
0 , 1 0 0 4 7 5 
1 » 1 4 
6 . 5 4 2 
0 . 0 6 7 1 3 5 
1 8 9 4 
6 . 0 7 0 
0 , 0 6 2 7 3 6 
2 4 9 4 
4 . 4 6 0 
0 . 0 1 7 5 9 0 
3 2 6 8 
7 . 3 5 5 
0 . 0 4 7 3 5 5 
2 8 2 0 
6 . 9 3 6 
0 , 0 4 6 4 * 7 
1 5 3 6 
9 . 1 0 * 
0 , 0 4 4 6 3 8 
2 4 6 4 
5 . 4 6 4 
0 . 0 2 4 4 5 9 
1 5 2 2 
9 . 7 4 2 
0 . 0 5 6 9 9 2 
2 3 2 3 
7 . 2 6 1 
0 , 0 4 3 2 4 3 
1 0 9 8 31 6 5 1 70m 
6 . 4 5 4 1 8 . 6 0 2 1 0 0 . 0 3 0 
0 . 0 4 4 8 3 5 0 . 1 2 9 2 3 6 0 . 6 9 4 7 3 1 
1 3 2 8 2 2 4 9 ? 0 3 7 t 
6 . 5 1 9 1 1 . 0 * 0 1 0 0 . 0 0 0 
0 , 0 7 0 0 7 9 0 . 1 1 8 6 8 1 1 . 0 7 * 9 1 7 
6 4 3 4 5 8 9 
3 . 0 4 0 1 6 , 5 4 9 
0 . 0 3 1 1 9 9 0 . 1 6 9 B 3 7 
1 3 2 8 3 3 6 1 
5 . 6 5 6 1 4 , 3 2 0 
0 . 0 4 3 9 8 8 O.UI328 
3 5 4 8 
6 . 3 7 0 
0 . 0 2 5 1 1 0 
1 7 6 4 
3 . 9 7 0 
0 . 0 2 3 5 6 2 
2 8 3 8 
7 . 0 0 0 
0 . 0 4 6 7 * 4 
1 * 4 6 
6 . 5 7 2 
3 . 0 3 6 2 1 0 
1 5 5 3 
3 . 4 4 4 
0 . 0 1 5 4 1 6 
1 0 6 * 
6 . 9 1 0 
0 . 0 * 1 * 4 0 
J V 6 8 
6 . 1 6 9 
0 . 0 3 6 6 3 4 
7 ? 8 5 
1 3 . 0 7 9 
0 . 0 5 1 5 5 7 
7 * 8 6 
1 7 . 2 9 8 
0 . 1 1 1 3 7 5 
7 * 9 2 
1 8 . 4 8 0 
0 . 1 2 3 3 4 5 
3 0 0 7 
1 5 . 8 * 1 
0 . 0 8 7 3 8 7 
9 9 5 0 
2 2 . 0 6 5 
0 , 0 9 8 7 * 9 
2 4 5 7 
1 5 . 7 2 7 
0 . 0 9 5 2 3 3 
5 3 5 8 
1 6 . 7 9 5 
0 . 0 9 9 7 3 9 
D1ST CUST A t S SALES AO 6 SEN 
1 6 . 3 6 0 
0 . 1 1 1 J 1 0 
6 . 7 4 4 
3 , 0 4 5 2 0 9 
4 . 7 6 0 
0 , 0 3 1 9 0 9 
1 5 . 1 3 5 
0 . 1 0 1 4 6 1 
? 7 7 l O 
1 0 0 . 0 0 0 
1 . 0 2 6 2 7 7 
2 3 4 7 0 
1 0 0 . 0 0 0 
0 , 7 7 7 4 1 0 
5 5 7 0 1 
1 0 0 . 0 0 0 
0 , 3 9 4 2 0 4 
4 4 4 3 4 
1 0 0 . 0 0 0 
0 . 4 4 3 8 7 6 
4 0 5 4 1 
1 0 0 . 0 0 0 
0 . 6 6 7 4 M 
1 8 9 5 9 
1 0 0 . 0 0 0 
0 . 5 5 0 9 7 4 
4 5 0 9 5 
1 0 0 . 0 0 0 
0 . 4 4 7 * 3 7 
1 5 5 7 3 
1 0 0 . 0 0 0 
0 . 6 0 5 5 4 3 
3 1 9 0 3 
too.000 
0 . 5 9 3 8 7 5 
T O T A L 
1 8 9 5 
2 7 0 ? 
3 0 1 9 1661 
1 4 1 3 0 1 7 5 1 
6 0 7 4 1 9 6 1 
2 5 8 0 
1 0 0 . 0 0 0 
0 , 6 7 0 3 6 0 
136 
l»KJU r> i SI COST SALES AO A SEN CU-r« 
AMUUNI ] 0 <• JO 193 2959 1303 7 7 9 2769 22413 1999 160 
t ur im». 6 4 . 3 * 5 U.86 0 1 3.193 5.8U8 3.473 12.343 lno.ooo 
CtNTS'*** 0 , 7 ? 1 8 6 1 0.009653 o, , 148024 U.065183 0.039969 0. 138519 1.122211 
»MJUN| 20544 250 7208 2292 1155 5497 3694ft 5079 760 
t ur TJTAl 55.6U5 0 , 6 7 7 1 9 . 11> 6,20, 3.1*6 14.878 100,010 
CtNTS/*«M o, 40448 * o, n u ii q 2 2 0, .141918 0 .0 451*7 U ,0?274i 0 . 108230 0 ,727» ? 7 
AMUUN1 158/7 1 152 4 109 1983 1216 27 30 26967 3300 360 
» ur ruT«t 5 8 . 8 7 8 4.272 13.237 6.983 4 .509 10.123 100,010 
c*.*ts/«iH 3.4811*1 y.oi'»909 j i •1*4315 0.057061 0.036848 0.082727 0.817l9? 
A M U j N l 
t ur UT4. 
C t N T S / * « M 
AMUysj | 
( ur UTAL 
Ct*T5/.<«H 
3 5 6 2 8 
5 0 . 3 1 5 
0 . 4 6 3 9 0 6 
6 5 6 6 
6 5 . 3 3 3 
0 , 4 2 8 8 7 0 
1 9 8 6 
2 . 8 0 3 
0.0*5859 
2 4 0 
*. 388 
0 . 0 15676 
1 3 0 2 6 
IB.396 
0 . 1 6 9 3 0 9 
l t ? 0 
1 1 . 1 4 4 
3 . 0 7 3 1 5 5 
5 3 4 9 
7 , 5 3 4 
, 0 6 9 6 4 8 
5 4 * 
5 . 3 9 3 
. 0 3 5 4 0 * 
J765 
5.317 




7 0 9 1 1 
1 0 0 . 0 0 1 
0 . 9 2 2 0 1 5 
3 0 3 1 2 7 9 1OO5I 
3 . u 1 5 1 2 . 7 2 6 1 0 0 . 0 1 0 
U . 0 i < J 7 » i 0 . 0 8 3 5 4 0 0 . 6 5 6 4 3 4 
AH'JUN I 
* ur i j i al. 
Ct"tTS/K»trf 
AMUUNI 
* ur ruTAi 
CtNTS/rtrfH 
AMUUNI 
* ur u t» l 
CtiTS/niH 
AMUUNI 
( Jr UTAL 
CtNTS/KrfH 
A"UuN| 
* ur TOTAL 
CtNTS/*WH 
AMUJNI 
( ur 'jTal 
CLNTS/*** 
1 1 6 6 6 
6 1 . 5 * 0 
0 . 4 6 9 0 / 9 
3 4 3 4 
5 8 . 9 4 2 
0 , 4 6 6 1 2 7 
106 0 8 0 
5 4 . 6 2 6 
0 , 4 4 7 9 2 6 
1 0 4 8 8 
5 5 . 3 0 8 
0 , 3 3 5 3 0 9 
1 8 9 1 7 
5 4 . 3 0 0 
0 . 3 3 0 8 3 2 
8 2 3 9 
" 3 . 2 9 1 
0 . 2 4 7 7 1 5 
4 4 8 
*. 362 
. 0 1 8 0 1 4 
0,495 
0 . 1 0 3 9 1 4 
3 8 5 1 
2 . 9 5 7 
0 . 0 * 4 2 4 9 
4 7 0 
* . 4 7 9 
0.(115035 
1 9 0 5 
5,488 
0 . 0 3 3 3 1 6 
8 5 3 
4 . 4 8 1 
" . 1 * 5 6 4 6 
2 6 0 8 
1 4 . 3 0 9 
0 . 1 1 2 9 0 7 
9 5 6 
1 6 . 3 1 4 
0. 1 2 9 0 J 5 
3 5 1 0 5 
1 7 . 7 4 3 
0 . 1 4 5 4 8 9 
1 0 0 2 
1 5 . 8 3 1 
0 . 0 9 6 O 3 3 
5 4 4 9 
1 3 . 0 9 9 
0 . 0 9 5 * 9 6 
3 3 9 0 
1 8 , 9 5 9 
0 , 1 0 7 9 3 7 
1 0*8 
3 . 4 * 1 
) . 0 4 1 3 3 3 
3 9 5 
6 . 7 4 1 
0 , 0 5 330ft 
1 4 1 6 9 
7 . 1 6 1 
0 . 0 5 8 7 * * 
1 2 1 0 
6 . 3 8 1 
0 . 0 3 8 7 O 8 
2 4 19 
6 , 9 6 9 
0 , 0 4 2 3 0 3 
1 2 3 3 
6 . 4 7 7 
0 . 0 3 7 0 7 2 
B 4 8 
4 . 4 7 2 
0 , 0 3 4 0 9 7 
2 2 7 
3 . 8 7 4 
O.O3O634 
7 3 2 3 
3 , 8 0 2 
0 . 0 3 1 1 7 8 
1 1 8 7 
6 . 2 6 0 
0 . 0 3 7 9 7 2 
1 * 9 1 
3 . ' 1 9 
0 . 0 2 2 5 7 R 
1 1 2 3 
5 . 8 9 9 

































( Ur TOTAL 
CtNTS/«iH 
AMUUN1 
t ur IUTAL 
CtNTS/KiM 
AMUUN T 
t ur 1JTAL 
CtNTS/HWH 
7 3 5 0 
5 2 . 7 2 4 
0 , 4 1 7 6 1 4 
7 9 0 8 
4 7 , 4 5 6 
0 . 3 3 5 6 3 4 
1 0 2 3 ) 
5 2 . 8 8 4 











1 2 . 1 2 3 
0 . 0 8 2 0 4 5 
2 3 6 7 
1 5 . 4 0 4 
0 . 1 0 8 9 5 6 
3 3 9 7 
U . 3 5 9 
0 . 1 9 2 9 0 ? 
628 
5 . 3 3 9 
0 . 0 3 5 6 8 * 
1 0 9 4 
6 . 5 6 3 
0 . 0 4 6 4 3 5 
1 7 7 4 
9 . 1 7 0 
0 . 1 0 0 / 3 1 
4 6 9 
4 . 0 0 ? 
0 , 0 2 6 6 4 8 
1 2 5 8 
7 , 3 4 9 
0 . 0 5 1 3 9 6 
1 * 7 7 
7 . 1 1 8 





















( Ur UTAL 
C t N T S 7 * * H 
A M U U N I 
« ur ijtal 
Ct«TS'«*H 
A M U U N I 
t UF T U T A L 
C t N T S 7 « * H 
AMUUNT 
f U f T U f AL 
C t N T S ' n a H 
AMUU^T 
t ur U T A L 
C t N T S / r t H * 
A M U U N I 
I U f I U T A L 
C t N T S / « » M 
AMUUN1 
t ur U T » L 
C t N T S / K H r t 
A M U U * T 
f ur I U T A L 
C t N T S / « r f H 
A M J j N T 
t ur U T A L 
C t N T i / K W M 
i ur TUT*L 
c t*rs /5 *H 
1 2 3 4 U 
1*.J4j 
0 , 3 0 0 0 0 0 
1 0 4 1 / 
4f> . 1 6 9 
0 . 3 5 6 / 4 7 
3 4 3 1 6 
5 8 . 3 9 2 
0 . 2 5 3 5 1 / 
2 5 2 3 3 
5 4 . 9 1 2 
0 . 3 7 4 3 7 / 
4 8 , 1 1 9 
0 . 3 1 9 5 / 5 
7 * 1 9 
4 5 . 4 6 5 
0 . 2 1 4 2 1 4 
2 3 1 4 0 
54 . 9 6 4 
0 , 2 3 5 2 1 0 
6 3 9 9 
4 1 . 3 9 1 
0 . 2 5 3 9 * 9 
1 0 6 3 8 
3 B . 9 6 6 
0 , 2 0 8 3 4 3 
53.295 
0 , 3 6 4 5 0 9 
1 2 0 4 
4 . 7 1 / 
0 , 0 4 8 7 8 4 
1 0 2 8 
4 . 5 5 6 
0 . 0 3 5 2 0 5 
4 0 2 7 
6 . 8 5 2 
0 , 0 * 9 7 5 0 
3 3 0 
0 . / I B 
0 . 0 0 u « 9 6 
1 3 7 0 
3 . 4 5 1 
0 . 0 * 7 9 2 1 
4 2 8 
2 . 6 9 6 
0 . 1 1 7 7 0 0 
5 1 4 
1 . 2 * 1 
0 . 0 0 5 2 2 5 
8 9 9 
5 . 8 1 5 
0 . 0 3 5 6 7 5 
1 2 9 5 
4 , 7 4 3 
0 . 0 * 5 3 6 2 
I R AN S 
3 . 2 1 5 




4 3 7? 
20.26 3 

































6 . 9 7 8 
0 . 0 4 6 3 4 4 
1 4 4 5 
9 . 1 0 1 
0 . 0 4 7 8 / B 
2 4 1 5 
5 . 7 3 6 
0 . 0 2 4 5 4 8 
1 4 9 / 
9 . 6 8 3 
0 . 0 5 9 4 O 5 
2 3 6 1 
8 . 6 4 8 





























0 . 162723 


































0 , 6 8 1 7 8 1 
39695 5977 
oisT cost aig SALES 40 1 GEN 
1 7 . 0 4 H 
, lI66I8 
6 . 8 3 8 






















i 9 6 0 
1 960 
9938 2 ( 6 0 
2520 2?60 
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l U S t CilsT A l i i S A L E S AD I SEN 
AMUuNT 
( ur T U T A L 
C t N T S / M * H 
AMUUNT 
i ur l U T A l 
Ct*TS/*rfH 
A M U U N l 
A Ur TJTAL 
Ct*TS/*»H 
A M U U N l 
* Jr iutal 
C t r t T S / * * H 
AMUUN I 
i ur I J T A L 
C L - N T S / m - * 
A M J J N 1 
* ur utal 
C t N T S / < « - < 
AMUUN I 
< ur I j T A L 
C t m T S / ^ r t - t 
AM JUN I 
a jr ijtal 
C t M T S / < « H 
A M J U N I 
t Ur U T A L 
C t * T S / * * M 
1 3 9 4 8 
* 4 . 9 8 6 
0 , 7 ; * 4 4 4 8 
7 1 4 8 5 
5 h , 6 3 ? 
0 . 4 6 0 6 1 ? 
1 4 8 1 9 
5 8 . 8 1 5 
0,4051*2 
.11 8 0 V 
4 9 . 6 0 5 
0 . 4 7 1 8 7 4 
6 3 7 6 
6 * . 3 0 6 
0 , 4 5 1 3 8 0 
1 0 3 0 1 
6 V , 8 2 5 
0 , 4 f 5 J 7 j 
3 * 4 0 
3 8 . 4 5 * 
0 . 4 f . » 9 5 u 
1 0 3 0 3 9 
5 4 , 9 9 9 
0 . 4 5 2 5 7 * 
) 0 4 6 4 
3 7 . 3 7 8 
0, 34 8 4 3 , ; 
1 9 7 
U . 9 1 8 
0 . 0 1 0 2 3 9 
1 9 9 
0 . 5 3 1 
0 . 0 0 4 1 6 9 
1 ? 1 0 
4 . 8 8 * 
0 , 0 4 1 0 9 6 
1 7 2 1 
* . * 8 4 
0 . 0 * 5 5 3 0 
3 ) 9 
* . ? 7 7 
0 . 0 1 5 4 9 9 
3 4 * 
2 . 0 4 0 
o , 0 I S 4 8 2 
0, , 4 4 
o . o O ! i 5 j 
S M 3 
2 . 9 2 0 
o . 0 2 4 0 2 8 
4 5 9 
2 . 6 8 1 
0 , 0 1 * 2 9 4 
2 7 4 3 
1 2 . 7 8 0 
0 . 1 4 2 5 6 8 
6 6 8 5 
1 7 . 8 3 4 
0 . 1 4 0 0 5 9 
3 8 0 2 
1 3 . J 9 0 
0 . 1 2 7 0 3 0 
1 2 2 2 1 
1 9 . 0 5 8 
0 . 1 8 1 * 9 4 
1 1 0 1 
1 1 . 4 4 6 
U . 0 7 7 9 1 y 
? 3 2 5 
1 3 , 8 6 * 
0 . 1 0 5 2 5 1 
9 4 8 
1 7 , 1 0 , 3 
3 . 1 J 6 3 9 9 
3 5 8 9 7 
10 . 9 0 7 
J - 1 5 5 3 8 3 
2 5 4 7 
1 5 . 8 1 1 
0 . O 9 4 8 0 5 
1 2 * 1 
5 . 6 8 9 
0 . 0 6 3 4 6 2 
2 2 6 2 
6 . 0 3 5 
0 . 0 4 7 3 9 * 
1 7 1 6 
6 . 8 1 1 
0 . 0 5 7 3 3 4 
5 0 1 3 
7 . 8 * 1 
0 . 1 74 3 * 5 
5 1 1 
5 . 3 1 * 
0 . 0 3 6 1 6 4 
9 3 3 
5 . 6 6 3 
0 . 0 4 3 1 4 2 
1 4 8 
6 . 2 7 8 
0 . 0 5 0 ( 4 4 
1 4 0 3 9 
7 . 4 3 6 
J . 0 * 1 1 8 8 
1 1 4 4 
4 . 2 7 3 
i), 0 3 8 0 9 3 
6 9 6 
3 , 2 4 3 
0 . 0 3 * 1 7 5 
1 0 8 2 
2 . 8 8 7 
0 . 0 2 2 6 6 9 
1 1 7 0 
4 , 6 4 4 
0 . 0 1 9 0 9 1 
3058 
4 . 7 6 9 
O.O45364 
2 6 3 
2 . 7 3 4 
0 . 0 1 8 6 1 3 
7 4 5 
4 . 4 4 1 
0 . U 3 3 7 2 6 
2 3 3 
4.2O3 
0 . 0 3 3 3 7 3 
6 0 8 | 
3.221 
0 . 0 2 6 3 0 4 
1 0 8 3 
5 . 4 3 8 
0.0360*4 
2 6 5 8 
1 2 . 3 6 4 
0 . 1 3 8 1 5 0 
2 1 4 6 3 
1 0 0 , 0 0 0 
1 . 1 1 5 5 0 1 
1 4 2 4 
C ' J - T H 
1 5 9 
5 2 7 1 3 7 4 8 0 
1 4 . 0 6 2 1 0 0 . 0 0 0 
, 1 1 0 4 3 4 0 . 7 6 5 3 1 4 
2 4 5 9 
9 . 7 5 9 
0 . 0 8 2 1 5 8 
1 0 3 0 1 
1 6 . 0 6 4 
0 . 1 5 2 8 1 1 
1 1 4 7 
1 1 . 9 2 4 
0 . 0 6 1 1 7 5 
2 5 1 9 6 
1 0 0 . 0 0 0 
0 . H 4 1 S 1 1 
6 * 1 ? 5 
1 0 0 . 0 0 0 
0 . 9 5 1 2 ^ 8 
9 6 1 9 
1 0 0 . 0 0 0 
0.S807S1 
1 9 0 2 1 6 7 * 8 
1 1 . 3 4 3 1 0 0 . 0 0 0 
0 . 0 6 6 1 0 2 0 . 7 5 9 0 7 7 
7 6 6 5541 
1 3 . 6 1 4 ( 0 0 , 0 0 0 
0 . 1 1 0 3 7 5 0 . 7 9 8 7 0 1 
2 3 6 3 4 1 8 8 6 0 1 
1 2 . 5 1 8 1 0 0 . 0 1 0 
0 . 1 0 3 0 0 7 0 . 8 2 2 8 4 * 
2 2 1 0 1 8 2 1 7 
1 2 . 1 1 8 1 0 0 . 0 0 0 
0 , 0 7 3 5 9 3 0 , * 0 7 2 * 3 
*74t 
3 2 444 
3 001 
A M J U N 1 
t or ijtal 
C t M T S / i M H 
A M U U N l 
» Jr I J T A L 
C t * T S V * » H 
AMJJNT 
a or utal 
C t * T S / < r f H 
AMOUNT 
t or tjtal 
CLNTS/liH 
A M U U N l 
* or I U T A L 
C t N T S / * K H 
A M U u N l 
t ur l O T A L 
C t N T S 7 * * H 
AMOUNT 
» Ur T J T A L 
C t M T S / m N 
A M U U N l 
% Ur TJTAL 
C t M T S / * . * H 
AMOUNT 
t ur 1jraL 
C t N T S / * N H 
A M U U N I 
1 or Total 
C t N T S / K r f H 
AMOUNT 
t Or UTAL 
C L U T S ' K H H 
AMOUNT 
1 ur tutal 
C L N T S / H W H 
A M U U N l 
I Or T O T A L 
C t M T S / * r f H 
AMOUNT 
( Or T U T A L 
C t N T S / * r » M 
»UMmAKV 
I Or U T A L 
C t N T S / K X H 
5 1 , » 9 7 
0 . 3 2 7 4 4 9 
7 4 75 
43.351 
0 . 2 1 * 1 6 3 
5 0 3 0 
5 6 . 0 4 9 
0 . 3 6 * 6 1 3 
7 * 7 4 
4 7 . 6 4 2 
0 . 3 3 2 9 0 6 
9 7 1 0 
3 3 . 0 0 2 
0 . 5 8 3 1 6 3 
1 0 9 * 3 
4 7 . 9 1 * 
0 . 4 7 7 6 1 3 
1 0 5 3 4 
4 7 . 9 * 1 
0 . 3 7 3 8 1 1 
.1154?. 
3 7 . 0 3 3 
0 . 2 4 6 1 4 1 




4 9 . 0 4 0 
0 . 3 3 4 0 5 0 
5 8 0 8 
4 1 , 4 5 0 
0 , 1 4 0 1 7 7 
1 9 4 3 3 
5 1 . 7 7 9 
0 . 2 1 8 4 0 1 
5 8 6 2 
4 1 . 6 1 3 
0 . 2 5 1 2 6 4 
91 9 9 
3 8 . 7 1 1 
0 . 1 9 9 5 8 8 
53.220 
0 . 3 6 5 0 1 6 
1 1 V 4 
3 . 7 1 6 
0 . 0 3 4 * * 1 
7 1 9 
4 . 1 7 0 
0 . 0 2 0 7 9 2 
7 8 0 
3 . 1 1 0 
0.0*0438 
1 7 2 
2 . 4 3 6 
0 . 0 1 7 0 2 3 
* 4 6 
3 . 5 3 7 
0 . 0 3 8 9 1 * 
1 1 1 » 
4 . 9 0 4 
0 , 0 4 8 8 8 5 
1 1 9 9 
5 . 4 5 4 
0 . 0 4 2 5 4 8 
4 0 5 4 
7 . 3 3 1 
0 . 0 3 1 * 4 2 
3 4 3 
0 . 7 8 1 
0.005370 
1 1 8 3 
3 . 0 3 4 
0 . 0*0 * 6 7 
3 7 3 
* . » 6 2 
0 . 0 1 2 2 1 3 
4 4 0 
1 . 1 7 1 
U . 0 0 4 9 4 0 
8 1 0 
3.750 
0 . 0 3 4 7 1 9 
1 2 3 3 
3 . 1 8 * 
0 . 0 * 6 7 5 2 
1 KANS 
3 . 2 6 6 
0 . Q 2 2 4 0 3 
5 2 9 4 
1 5 . 4 7 7 
0 . 0 9 7 4 4 2 
3 * 8 7 
1 9 . J 6 3 
0 . 0 9 5 0 5 5 
1 3 2 3 
1 4 . 6 9 7 
3 . 0 9 ^ 9 
? 3 5 1 
1 6 . 7 2 ) 
3 . 1 1 5 8 4 2 
3 3 3 9 
1 8 . 2 2 * 
0 . 2 0 0 3 4 1 
50 14 
2 1 . 4 9 5 
0 . 2 1 4 * 1 9 
4 4 4 3 
^ 0 . 2 1 ? 
0 • 1 3 7 * * 5 
7 5 B * 
1 3 . 7 1 7 
0 . 0 5 9 * 1 0 
7 8 5 4 
1 7 . 8 8 0 
0 . 1 * 2 4 6 9 
* 7 4 4 
1 7 . 2 9 6 
0 . 1 1 7 8 2 0 
2 * 3 4 
1 B , 7 9 8 
0 . 0 B 6 2 4 8 
5 4 8 5 
1 4 . 6 0 0 
0 . 0 6 1 3 8 1 
2 9 2 2 
2 0 . 7 4 3 
0 . 1 2 5 * 4 6 
4 7 6 3 
2 0 . 0 4 4 
0 . 1 0 3 3 4 1 
2 2 2 8 
6 . 7 * 4 
0 . 0 4 1 0 0 9 
1 1 8 0 
6 . 8 4 3 
0 . 0 3 4 1 2 4 
5 7 3 
6 . 3 6 5 
0 . 0 4 1 8 * 5 
1 0 2 1 
6 . 6 9 7 
J . 0 4 6 7 2 8 
1 5 7 7 
6 . 6 0 6 
0 . 0 9 4 7 1 5 
1 6 2 4 
7 . 1 * 4 
0 . 0 7 1 0 1 0 
1 6 6 2 
7 . 5 6 1 
0 . 0 5 8 9 7 8 
2 3 1 2 
4 . 1 6 1 
0 . 0 1 8 0 4 6 
3 2 9 6 
7 . 5 0 8 
0 . 0 5 1 6 3 6 
2 5 6 1 
6 . 6 1 9 
0 . 0 4 5 0 9 1 
1 3 3 1 
9 . 6 4 2 
J . 0 4 4 2 3 7 
2 3 0 8 
6 . 1 4 3 
0 . 0 2 5 9 1 * 
1 4 0 6 
9 . 9 9 5 
0 . 0 6 0 3 3 1 
2 2 0 7 
9 . 2 8 6 
0 , 0 4 7 8 8 5 
1 2 4 5 
3 . 7 5 7 
0 . 0 2 2 9 1 6 
1 0 1 6 
5 . 8 9 2 
0 . 0 2 9 3 8 1 
4 2 4 
4 . 7 1 0 
O.O30449 
1 0 4 7 
6 . 8 5 7 
0 . 0 4 7 4 1 8 
1 0 2 0 
5 . 5 * 8 
0 . 0 6 1 2 6 1 
7 2 3 
3 . 1 7 2 
0 . 0 3 1 6 1 3 
1 1 3 4 
5 . 1 5 9 
0 . 0 4 0 * 4 1 
1 1 1 4 
5 . 6 3 1 
0 . 0 2 4 3 0 5 
1 8 3 4 
4 . 1 7 5 
0 . 0 2 8 7 1 5 
2 3 4 3 
6 . 0 0 9 
0 . 0 4 0 9 3 3 
1 0 7 5 
7 . 6 7 2 
0 , 0 3 5 2 0 0 
1 3 8 4 
3 . 6 6 4 
0 . 0 1 5 5 3 8 
9 8 9 
7 . 0 2 1 
0 . 0 4 2 3 9 2 
1 7 5 8 
7 . 3 9 8 
0 . 0 3 8 1 4 3 
4 6 8 2 
1 4 . 1 3 0 
0 . 0 8 6 1 7 7 
3 5 6 7 
2 0 . 6 8 7 
0 . 1 0 3 1 5 2 
1 3 5 2 
1 3 . 0 1 9 
0 . 0 9 8 * 3 6 
3 0 0 1 
1 9 . 6 5 5 
0 . 1 3 7 3 4 6 
1 9 6 4 
1 0 . 7 2 1 
0 . 1 1 7 9 5 8 
3 3 9 3 
1 4 . 8 8 4 
0 . 1 4 8 3 6 0 
3 0 0 9 
1 3 . 6 8 8 
0 . 1 0 6 7 7 8 
6 6 9 5 
1 2 . 1 0 6 
0 . 0 5 2 2 5 6 
6 7 7 0 
1 5 . 4 1 2 
0 . 1 0 3 9 9 7 
7 0 1 B 
1 7 . V 9 9 
0 . 1 2 2 6 0 7 
2 7 7 1 
1 9 . 7 7 6 
0 . 0 9 0 7 3 3 
85OO 
2 2 . 6 2 5 
0 . 0 4 5 4 3 1 
2 0 9 6 
1 4 . 8 7 9 
0 . 0 8 9 8 4 1 
4 * 0 3 
1 9 . 3 7 0 
0 . 0 9 9 8 7 0 
O l S T COST aU sales ad s sen 
1 7 , 4 8 7 
- U 9 4 3 3 
6 . 9 9 1 
0 . 0 4 7 6 7 B 
4 . 4 5 3 
0 . 0 3 0 5 4 3 
1 4 . 5 8 5 
0 . 1 0 0 0 3 0 
3 3 1 3* 
1 0 0 .000 
0 . 6 0 9 9 0 ? 
1 7 2 4 3 
100.000 
0 . 4 9 8 6 4 1 
9 0 0 ? 
1 0 0 . 0 0 0 
0 . 4 5 7 0 1 0 
1 5 2 * 8 
1 0 0 . 0 0 0 
0 . 6 9 8 7 * 4 
1 8 3 7 0 
1 0 0 . 0 0 0 
1 , 1 0 0 3 0 0 
2 2 7 9 * 
1 0 0 , 0 0 0 
0 , 9 9 6 7 * 0 
2 1 9 8 ? 
1 0 0 , 0 0 0 
0 , 7 1 0 0 5 7 
5 5 3 0 . 1 
100.ono 
0.431650 
4 3 9 7 6 
1 0 0 . 0 0 0 
0 , 6 8 7 7 4 1 
3 8 9 9 1 
1 0 0 , 0 0 0 
0 . 4 8 1 1 8 4 
1 4 0 1 7 
1 0 0 . 0 0 0 
0 . 4 5 8 6 0 1 
3 7 5 6 9 
1 0 0 . 0 0 0 
0 . 4 2 1 7 9 2 
1 4 0 8 7 
1 0 0 . 0 0 0 
0 . 6 0 3 8 1 5 
2 3 7 6 3 
1 0 0 . 0 0 0 
0 . 5 1 5 5 7 8 
TOTAL 
) 3 7 0 ( ? 5 9 
2 1 9 5 1 3 5 9 
1 5 5 9 
1 6 5 9 
6 3 8 7 1 8 5 9 
4 6 0 9 7359 
1 0 0 . 0 0 0 
0 , 6 6 5 6 6 1 
138 
PKJJ IRANS 
A M U U N I 1 2/• B i 1 3 9 
t uf U T A L 6 5 . 3 U " U . 8 1 Z 
C t M T S / K N H 0 , 7 3 6 6 5 / U . 0 U 9 1 6 * 
A M U U N I 7 0 6 4 9 7 1 » 
( O f U T A L 3 8 . 3 3 9 0 , 6 1 6 
C t N T S M l H 0 . » 6 9 3 1 3 0 . 0 0 , 1 6 6 
AMUUNT 1 5 0 * 7 9 8 1 
t OF Ur«L 6 1 . 5 7 1 4 . o ? 0 
C t N T S / H K H 0 , 5 7 0 9 3 5 J .OJ7?7z 
AMUUNT 3 ? o j 9 1 5 * 7 
t 0 7 1 J T * L 5 7 . 0 8 4 2 . A 8 3 
C t N T S / * * H O . J a ' B O l 0 . 0 * 5 8 9 5 
A M U U N I 6 9 3 6 1 9 2 
« UF I U T A L 7o.997 1 . 9 5 9 
C t N T S / * « H 0 . 5 1 4 4 9 / 0,ol4?Jl 
A " U j N l 1 3 1 3 9 329 
1 JF UTAl 6„, 3 6 7 2 . 0 9 1 
C t N T S / K r i H 0 . 5 ^ 2 3 1 4 0 . 0 1 6 9 1 3 
A M U U N I 3 3 9 3 3 
t JF U T A L 6 1 . 1 9 0 0 . 0 9 0 
C ^ N T S / U r f * 0 . 5 3 1 8 1 * 0 . 0 0 J 7 8 4 
A M U U N I 9 8 8 6 6 51 6 7 
» OF I U T A L 3 5 . 3 3 6 2 . 8 9 3 
C t N T S / 4 i M 0 . 4 7 6 2 3 6 0 . 0 * 4 8 9 0 
A M U U N I 9 6 0 1 4 3 1 
« J F U T A L 5 6 . 6 *7 2 . 5 5 1 
C t N T S / K H H 0.355393 0 . 0 1 3 9 6 3 
A M U U N l 1 5 9 4 7 2157 
* JF TjT»L 31 .48? 0 . 9 6 3 
C t H l S / K W H 0.328331) 0 . 0 4 ( 1 4 1 0 
AMJJN! 6 6 9 7 647 
( JF TJTAl 4 3 . 79-) 4 . 2 3 7 
Ct"<TS7<49 0.221 3 3 1 0 . 0 * 1 4 1 / 
A M J j N I 37 39 2 5 2 
t JF U T A L 5 0 . 8 7 9 3 . 4 3 0 
C t N T S / K r t H 0 . 3 0 0 2 4 1 0 . 0 * 0 2 4 1 
A M J J N I 6 3 8 0 7 6 4 
* JF ' J T » L 4 8 . 0 6 9 1 , 9 8 9 
C t K T S / K r f H 0 . 3 3 3 1 5 9 0 . 0 l 3 7 8 6 
AMOUNT 9 8 3 1 4 6 8 
I JF T O T A L 5 5 . 1 4 8 2 . 6 2 0 
C t N T S / K K H 0 . 6 5 1 0 9 1 0 . 0 3 0 9 3 2 
AMUUNI 1 0 8 1 9 1 0 7 4 
t UF TJT»L 4 8 . 6 0 3 4 . 0 2 5 
C t N T S / A N H 0 , 5 * 1 9 8 4 O . 0 J 3 8 0 8 
AMUUNI 1 0 1 3 1 8 6 7 
» UF T J T A L 4 9 . 3 7 4 4 . 3 3 9 
C t N T S / M H 0 . 4 0 9 7 8 6 0 . 0 3 5 8 6 7 
AMOUNT 7 4 7 4 1 3 1 6 8 
t UF U T A L 53 . 3 2 2 O.H53 
C t N T S ' H i M 0 . 2 3 3 0 * 7 0 . 0 3 0 0 9 7 
AMUUNT 2 4 3 8 4 2 8 3 
t UF U T * L 5 5 . 680 0 . 6 4 6 
C t « | T S / « * H 0 . 3 9 2 7 * 0 O.0O4558 
A M U U N I 1 8 7 0 8 1 1 5 8 
( UF T J T A L 5 0 . 5 3 1 3 . 1 2 8 
C t N T S / * W H 0 . 3 6 5 3 9 1 0 . 0 2 2 6 l 7 
A M J j N l 4 4 6 9 3 2 6 
* JF T J T A L 36 .949 2 , 6 9 3 
C t N T S / K f H 0 . 1 6 0 3 3 2 0 . 0 1 1 6 9 7 
amount 1 6 8 6 2 421 
» UF ' U T A L 5 0 . 1 * 6 1 . 2 5 2 
C t N T S / A r f H 0 . * i ) 3 B 6 V O . 0 O 5 0 9 0 
AM J J N T 5 4 0 1 7 9 2 
I UF T U T A L 4 ? . 7 8 4 6 . 2 7 4 
C t N T S / H r f H 0 . 7 5 9 2 8 9 0 . 0 3 8 0 2 2 
AMUUNT 8 * 4 0 1 2 5 9 
I UF U T * L 3 7 . 9 5 5 3 . « 6 2 
C t N T S / * * H 0 . 2 0 5 1 5 3 0.030603 
• UmMAH V PKUO 1 HANS 
I UF T U T A L 5 3 . 3 * 6 3 . 1 5 5 
C t N T S / M H 0, 3 8 3 6 4 3 0 . Q 2 2 6 1 6 
D 1 S T CUST A T U SALES 
2 7 5 ? 1 1 7 9 S 6 0 
1 4 . 0 6 ? 6 . 0 2 5 2 . 8 6 2 
0 . 1 5 9 6 1 7 O . O J 7 9 S * 0 . 0 3 2 2 7 7 
6 3 0 * 2 2 0 2 9 3 1 
1 0 . 3 7 9 6 . 2 2 1 2 . 6 3 0 
0 . 1 5 » 1 ? 3 0 . 0 5 2 1 8 0 0 . 0 2 2 0 6 2 
3 3 6 3 1 5 6 6 1 U 2 4 
1 3 . 7 7 9 6 . 4 1 6 4 . 1 9 6 
3 . 1 2 7 7 / 4 i ) t J 5 V 4 9 8 0 , 0 3 9 9 0 6 
1 1 3 2 4 « « 6 0 2 8 0 7 
1 8 . 4 7 6 7 . 2 3 7 « , 5 6 7 
0 . 1 9 2 0 3 0 0 . 0 7 5 6 3 2 0 . 0 * 7 6 0 0 
9 3 8 4 7 0 2 * 3 
9 . 5 7 ? 4 , 7 9 6 2 . 4 8 0 
0 . 0 6 9 3 7 9 0 . 0 3 4 7 6 3 0 . 0 1 7 9 7 3 
? 0 6 i 8*0 6 J 2 
1 3 . 0 9 9 5 . 3 J 9 * . 0 i 7 
0 . 1 0 5 9 6 4 0 . 0 4 3 1 9 8 0 . 0 3 2 4 9 * 
6 * 5 3 1 9 2 0 7 
15 .960 5 . 7 3 3 3 . 7 3 3 
0 . 1 3 9 7 1 5 0 . 0 4 9 8 4 3 0 . 0 3 2 * 4 5 
3 2 * 3 7 1 4 2 0 7 5 1 6 4 
1 8 . 0 5 0 7 . 9 3 5 2 . 8 9 1 
0 - 1 3 5 7 9 2 0 . 0 6 8 4 3 8 0 . 0 2 4 8 7 6 
2 6 3 1 1 0 8 8 1 0 0 0 
1 3 . 3 7 3 6 . 4 4 0 5 . 9 1 9 
0 . 0 9 7 4 4 4 0 . 0 4 0 2 9 6 0 . 0 3 7 0 3 7 
5 3 3 0 2 1 6 8 1 1 7 0 
1 7 . 2 0 7 6 . 9 9 9 3 . 7 7 7 
0 . 1 0 9 7 3 9 0 . 0 4 * 6 3 7 0 . 0 2 * 0 8 9 
3 3 5 8 9 3 8 8 7 0 
2 1 . 9 8 9 6 . 1 4 2 5 , 6 9 7 
0 . 1 1 1 1 5 5 0 . 0 3 1 0 4 9 0 . 0 2 8 7 9 8 
1 * 0 8 5 3 7 « 1 5 
1 6 . 4 4 2 7 , 3 0 9 5 . 6 * 9 
0 . 0 9 7 0 2 8 0 , 0 4 3 1 3 3 0 . 0 3 3 3 3 3 
2 1 0 1 9 5 0 9 * 5 
1 6 . 4 3 2 7 . 1 5 / 7 . 1 2 0 
3 . 1 1 3 9 9 0 0 . 0 * 9 6 0 9 0 . 0 * 9 3 * 7 
2 8 6 7 1 4 8 3 979 
1 6 . 0 5 0 8 . 3 U 2 5 . 4 7 5 
0 . 1 9 9 4 9 1 0 . 0 9 9 0 1 7 0 . 0 6 4 6 4 0 
53*2 1 * 2 7 6 7 0 
* * , 0 0 0 6 . 4 1 1 3 . U 1 0 
0 . 2 6 7 6 3 5 0 . 0 7 1 * 9 3 0 , 0 3 3 5 6 7 
4 J 1 5 1 5 * 6 9 9 3 
1 9 . 6 4 1 7.405 « . B 5 B 
0 * 1 6 2 3 5 3 0 . 0 6 1 7 0 6 0 . 0 4 0 1 5 * 
7 0 8 0 2 1 7 3 2 8 * 3 
1 3 . 3 1 6 « . 7 0 b 6 . 1 5 0 
0 , 0 6 7 2 6 2 0 . 0 2 0 6 6 3 0 , 0 2 7 0 0 9 
8 0 0 5 3 2 * 6 1 B 6 T 
1 8 . 2 7 9 7.366 4 . 2 6 3 
0 . 1 2 8 9 2 6 0 , 0 5 1 9 3 7 0 . 0 3 0 0 6 9 
6 1 7 5 2 3 2 5 ? U « 7 
1 6 . 6 7 9 6 . 2 6 0 5 . 3 2 9 
0 . 1 2 0 6 0 5 0 . 0 * 5 4 1 0 0 . O 3 9 9 S 0 
2 3 2 6 1 2 5 7 8 9 8 
20 .995 10 ,393 7 , 4 2 5 
0 . 0 9 0 6 3 5 0 , 0 4 5 1 0 2 0 , 0 3 2 * 2 1 
5 * 4 ? 2 1 4 7 1 2 4 7 
1 5 . 3 8 3 6 . 3 8 2 3 . 7 0 7 
0 . 0 6 3 3 7 8 0 . 0 2 5 9 5 8 0 . 0 1 5 0 7 7 
2 6 0 7 1 2 9 6 7 8 9 
2 0 , 6 5 1 1 0 , 2 6 6 6 , 2 5 0 
0 , 1 2 5 1 5 6 0 . 0 6 2 2 1 8 0 . 0 3 7 8 7 8 
4 3 5 0 2 0 9 8 1 5 9 0 
2 0 . 4 6 1 9 . 4 3 5 7 . 1 5 0 
0 . U 0 5 9 8 0 . 0 5 0 * 9 7 0 . 0 3 8 6 * 9 
OIST CUST A I G S A L E S 
17 .335 7 . 1 0 1 4 . 2 5 5 
0 . 1 2 5 6 9 5 0 . 0 5 0 8 9 7 0 . 0 3 0 * 9 8 
AO A GEN T O T A L C O - T H 
2 1 3 9 
1 0 . 9 J 0 
0 . 1 2 3 2 9 5 
1 9 J 7 0 
1 0 0 , 0 0 0 
1 . 1 2 7 9 5 * 
1 7 3 5 1 5 9 
4 6 9 0 
1 3 . 8 1 6 
0 . 1 1 5 8 7 7 
3 5 3 9 5 
100.000 
0 . 8 3 8 7 4 * 
« 2 2 0 ? 5 8 
2 4 4 5 
1 0 . 0 1 8 
0 . 0 9 2 8 9 5 
2 * * 0 6 
1 0 0 , 0 0 0 
0 , 9 2 7 2 * 0 
2 6 3 ? 3 5 8 
9 3 2 9 
1 5 . 1 9 0 
0 . 1 5 8 1 9 9 
6 1 * 5 6 
100.000 
1 . 0 * 2 1 5 7 
5 8 9 7 4 5 8 
1 0 0 0 
1 0 . 2 0 5 
0 . 0 7 3 9 6 * 
9 7 9 9 
1 0 0 . 0 0 0 
0 , 7 2 * 7 7 * 
1 3 5 2 5 5 8 
1 7 1 3 
1 0 , 8 9 7 
0 . 0 8 8 0 7 2 
1 5 7 34 
1 0 0 . 0 0 0 
0 , 8 0 9 9 4 6 
1 9 * 5 6 5 8 
7 3 7 
1 3 , 2 9 1 
0 . 1 1 5 5 1 7 
5 5 4 5 
1 0 0 . 0 0 0 
0 , 5 6 9 1 2 ? 
6 3 9 7 5 8 
2 2 9 5 9 
1 2 . 8 5 5 
0. 1 1 0 5 9 9 
1 7 8 6 1 0 
100 . 0 1 0 
0 . 8 6 0 3 5 0 
2 0 7 5 9 8 5 8 
2 1 4 4 
1 2 . 6 9 0 
0 . 0 7 9 4 0 7 
1 6 8 9 5 
100.000 
0 . 6 2 5 7 4 1 
2 7 0 0 9 9 8 
4 2 0 5 
1 3 . 5 7 5 
0 . 0 9 6 5 7 6 
3 0 9 7 6 
1 0 0 . 0 0 0 
0 , 6 3 7 7 6 0 
4 9 5 7 1 0 5 8 
2 7 7 0 
1 0 . 1 3 9 
0 . 0 9 1 6 9 1 
1 5 2 7 1 
100 .000 
0 . 5 0 5 * 9 5 
3 0 2 1 1 1 5 8 
1 1 9 6 
1 6 . 2 7 9 
0 . 0 9 6 0 6 4 
7 3 4 7 
1 0 0 , 3 0 1 
0 , 5 9 0 1 2 0 
1 2 4 5 1 2 5 8 
2 5 5 2 
1 9 . 2 2 7 
0 . 1 3 3 2 6 4 
1 3 2 7 3 
100 .000 
0 . 6 9 3 1 0 7 
1 9 1 5 1 3 5 8 
2 2 1 7 
1 2 . 4 1 1 
0 . 1 4 6 5 3 0 
1 7 8 6 3 
100 . 0 1 0 
1 , 1 8 0 6 3 5 
1 5 1 3 1 4 5 8 
2 9 2 7 
1 3 . 1 5 0 
0 , 1 4 6 6 4 3 
2 2 2 5 « 
I O O . O O Q 
l . 1 1 5 1 3 0 
1 9 9 6 1 5 5 8 
2 8 8 6 ?0»a? 2 * 7 3 1 6 5 8 
1 4 . U 8 
0 . H 6 7 0 0 
1 0 0 , 0 0 0 
0 . 8 2 6 6 0 7 
6 2 2 0 
1 3 . 4 5 6 
0 , 0 3 9 0 9 2 
« 6 2 2 * 
1 0 0 . 0 0 0 
0 , « 3 9 l 6 0 
1 0 5 2 6 1 7 5 8 
6 0 2 8 
1 3 . 7 6 5 
0 , 0 9 7 0 8 5 
» 3 7 9 3 
1 0 0 . 0 0 0 
0 . 7 0 5 3 1 5 
6 2 0 9 1 8 5 8 
6 6 1 0 
1 7 . 8 5 4 
0 . 1 2 9 1 0 2 
3 7 0 2 3 
1 0 0 . 0 0 0 
0 . 7 2 3 1 0 5 
5 1 2 0 1 9 5 8 
2 6 1 9 
2 1 , 6 5 4 
0 . 0 9 3 9 7 2 
1 2 0 9 5 
1 0 0 , 0 0 0 
0 . 4 3 3 9 7 9 
2 7 9 7 2 0 5 8 
7 7 2 1 
2 2 . 9 5 3 
0 . 0 9 3 3 5 0 
3 3 6 J 9 
1 0 0 . 0 0 0 
0 . 4 0 6 7 1 0 
8 2 7 1 2 1 5 8 
1 7 3 9 
1 3 . 7 7 5 
0 , 0 8 3 * 8 5 
1 2 6 2 * 
1 0 0 , 0 0 0 
0 , 6 0 6 0 * 9 
2 0 8 3 2 2 5 8 
«300 
1 9 . J 3 7 
0 . 1 0 * 5 2 1 
2 2 2 3 7 
1 0 0 , 0 0 0 
0 , 5 * 0 5 2 0 
4 1 1 4 2 3 5 8 
AO » GEN T O T A L 
1 « . « 2 7 
0 . 1 0 3 * 0 6 
1 0 0 , 0 0 0 
0 . 7 1 6 7 * 5 
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PKUU 1 RAN5 01 ST CUS1 till S A L E S AO K GEN T O T A L 
amujni 159 23B5 11*1 483 2069 212?9 
t ur UT* l 69.683 u . r«y 12,177 5.3'3 2.275 9.746 100.000 
CLNTS/hWh 0.857068 0.009712 0 . 149768 0.086107 0.027984 0.119873 1.229954 
A M U U N l ?006B 206 3647 2036 799 4616 33384 
* UF UTAl 60.145 0.61/ 16.909 6.102 2.395 13.834 100.000 
0 . 466698 o.oU479i 3 . 1 31209 0. 047319 0.018581 0.107349 0.775953 
»«Uu*4l 1 4695 97 r 31 36 1 338 888 2080 23134 
< ur rjT«L 63.3*1 4.223 13.336 5.870 3.839 8.991 100.000 
C t N T S M I H 0,577649 0.033091 0. 112603 0. 048761 0.031885 0.074686 0,830664 
AMJUN1 32050 1789 9952 3843 2404 8858 5839(S 
* ur IjTal 34.894 2.207 17.042 6.381 4.117 15.169 100.000 
CLnTS/XiH 0 . S 3 9 0 B 3 u , ,025703 0 . 19 814 5 0 . 076630 0.047936 0.176630 1.1644?7 
AMUUNI 6606 211 >1 6 419 1 92 932 9276 
* ur iut4u /" I - if 1 ft 2.273 9.875 4.517 2.070 10.047 100.000 
C t N T S / « r f H n . a « a 3 l 1 u , ,015469 0 . 0 6 7 15 5 0, 0307 18 0.014076 0.068378 0.680059 
AMUUNT 1 11^6 ,777 788 390 1507 1°1«.* 
t ur ijt«l 69.26, 1 ,M99 I 0 . 9 9 3 4.875 3.650 9 . 323 100,001 
C t N T S / H K H 0.593*15 u , .0 16 321 0.094471 0. 041893 0.031366 o.oboi17 0.559313 
1 7 2 6 
C U - Y K 
1 5 7 
,95, 
A M U U N I 3 1 3 3 
* Ur IuTal 6 7 . 6 3 3 
C t N T S / 6 l t 9 0 . S 3 1 O 1 7 
A M U U N I 1 0 2 6 7 1 
A J F I 01 AL 35.891 
CLNTS/MM 0 . 4 9 / 7 4 , 
A M U U N l 9<>3l 
( ur U T » L 5 9 . 0 1 3 
CtNTS/iMM 0 , 3 6 6 1 4 3 
A M U U N l , 6 4 4 0 
( UF T J T A L 5 7 . 7 0 3 
C L N T S / * * * 0 . 3 3 B 1 0 9 
A M J g N I 5 2 0 0 
» Ur T O T A L 4 , , 3 4 9 
C t N T S / K i M 0 . 2 1 5 5 8 9 
A M J J N I 3 7 0 7 
t UF UTAl 3 2 . 6 7 5 
C t N T S / K i H 0 . 2 8 0 4 3 5 
A M J J N I 5 8 1 9 
* Ur U T A L 4 6 . 0 0 0 
C t N T S / * r f H 0 . 3 1 4 0 3 ) 
A M U U N I 8 9 3 0 
( UF U T A L 5 4 . 3 0 5 
C t N T S / * W H 0 . 5 6 1 9 2 5 
AMOUNT 9 4 1 0 
t ur U T A L 4 8 . 4 * 0 
C t N T S / n m 0 . 4 5 1 7 5 2 
A M U U N I 1 0 0 3 0 
I UF T U T A L 5 1 . 3 1 7 
C t N T S / 4 - M 0 . 4 0 4 9 1 5 
A M J J N I 2 5 6 4 3 
( UF U T A L 5 5 . 7 0 1 
C t N T S / K l H 0 , 24807(1 
AMUUNT 2 5 9 9 9 
* UF U T A L 5 9 . 0 U 3 
C t N T S / K U t 0 . 3 9 4 1 6 3 
A M J J N I 2 0 2 6 3 
I JF U T A L 5 3 . 3 2 1 
C t N T S / - . * * O.J318OO 
AMOUNT 4 1 9 8 
t J F T J T * L 3 6 . 7 7 3 
C t N T S / M t n 0 . 1 5 2 * 3 3 
A M J J N T 1 6 7 1 7 
( J F T J T A L 5 2 . 6 9 * 
C t N T S / * * * 0 . 2 0 8 3 * 3 
A"UjNr 1 2 3 3 
( UF U T A L 6 2 . 0 9 2 
C t N T S / K X H 0 , 7 5 3 0 4 9 
AMUUN' 
f UF U T A L 
C t N T S / H X H 
t Up U T A L 
C t N T S / K r f H 
7 8 6 2 
3 8 . 4 3 6 













0 . 9 1 4 
0.04(4358 
39U 
































0 . 4 5 2 
0.005488 
1 1 2 2 
3 . 4 7 2 
0 . 0 2 7 1 6 7 
1 H A N S 
2 . 8 5 5 
0 . 0 * 0 2 8 6 
6 8 3 
1 3 . 6 5 5 
0 - 1 1 5 7 6 3 
3 4 U 1 4 
1 8 . 3 1 6 
0 . 1 6 4 0 9 ? 
7 3 3 3 
1 5 . 2 0 5 
0 . 0 9 4 3 3 9 
5 *49 
1 8 . 1 ) 9 9 
0 . 1 1 6 H 5 
? 9 7 l 
* 3 , * 2 4 
0 . 1 * 3 1 7 6 
1 1 8 5 
1 6 . 0 6 1 
0 . 0 8 9 7 7 3 
?1?3 
1 6 . ' 8 3 
0 . 1 1 4 3 7 1 
2 9 0 6 
17 . 0 2 6 
0 . 1 8 2 4 4 5 
4 6 3 8 
2 3 , 8 6 5 
0 . 2 * 2 9 6 0 
3 8 6 4 
1 9 , 8 0 7 
0 . 1 5 5 6 8 1 
7 * 0 6 
1 5 . 6 5 3 
0 . 0 6 9 7 ) 1 
7 6 5 8 
1 7 . 3 8 0 
0 - 1 1 6 1 0 1 
6 0 6 2 
1 5 . 9 5 2 
0 . 0 9 9 2 6 3 
2 4 5 3 
2 1 . 4 8 7 
0 . 0 8 9 0 7 0 
5 2 6 9 
1 6 , 6 0 9 
0 . 0 6 5 6 7 4 
1 5 6 
7 . B 4 3 
? 9 2 
5 . 8 3 8 
0 . 0 4 9 4 9 2 
1 3 8 * 2 
7 . 5 * 4 
0 . 0 6 7 0 0 6 
1 0 1 ^ 
6 . 0 7 3 
0 . 0 3 7 6 9 1 
1 9 9 ) 
6 . 3 7 9 
0 . 0 4 0 9 * 5 
8 1 5 
6 . 4 0 1 
0 . 0 3 3 7 8 9 
4 6 4 
6 . 6 U 2 
0 . 0 3 5 1 3 * 
9 4 b 
6 , 6 0 8 
0 , 0 * 5 6 3 6 
1 4 0 7 
8 , 5 3 7 
0 . 0 9 1 4 8 2 
1 3 2 3 
6 . 8 0 6 
0 . 0 6 3 5 1 * 
1 5 * 0 
7 , 7 9 2 
0 . 0 6 1 2 4 1 
1 9 6 * 
4 . 2 6 6 
0 . 0 1 9 0 0 0 
3 0 3 1 
6 . 8 7 9 
0 . 0 4 5 9 3 2 
2 1 3 8 
5 . 6 7 9 
0 . 0 3 5 3 3 * 
1 1 9 3 
1 0 . 4 3 0 
0 . 0 4 3 3 1 9 
1 9 / 0 
6 . 2 0 9 
0 . 0 2 4 5 3 * 
1 7 1 
B . 5 9 7 
1 8 2 
3 . 6 3 9 
0 . 0 3 0 8 4 7 
489« 
2 . 6 6 6 
0 . 0 2 3 7 4 4 
9 B 0 
5 . 7 6 3 
0 . 0 3 5 7 5 4 
1 1 0 8 
3 . 3 5 0 
0 . 0 2 2 7 7 5 
7 7 3 
6 . 1 4 7 
0 . 0 3 2 0 4 8 
3 4 3 
4 , 6 8 0 
0 . 0 2 5 9 8 5 
8 7 6 
6 . 9 2 5 
0 . 0 4 7 2 7 5 
1 0 8 6 
6 . 3 8 9 
0 , 0 7 0 6 1 1 
3 4 9 
2 . 8 2 5 
0 . 0 2 6 3 5 6 
9 8 6 
4 . 3 * 2 
0 . 0 3 5 6 9 7 
2 B 0 l 
6 . 0 8 4 
0 . 0 2 7 0 9 7 
1 7 9 0 
4 . 0 6 2 
0 , 0 2 7 1 3 8 
1 9 2 9 
5 . 0 7 6 
0 . 0 3 1 5 8 7 
8 2 9 
7 . 2 6 2 
0 . 0 3 0 1 0 2 
1 0 4 9 
3 . 3 0 6 
0 . 0 1 3 0 7 5 
8 3 
4 . 1 ' 3 
7 0 0 5 0 0 ? 
1 3 . 9 9 4 1 0 0 . O i n 
0 . 1 1 8 6 4 4 0 , 8 4 7 7 5 7 
2 3 7 1 3 1 8 3 7 0 3 
1 2 . 9 0 8 1 0 0 . 0 0 0 
0 , 1 1 4 9 5 5 0 , 8 9 0 5 5 ? 
1 9 9 9 l 6 6 1 i o 
1 1 . 3 3 9 1 0 0 . 0 0 0 
0 . 0 7 0 3 5 4 0 . 6 7 0 4 4 7 
3 8 5 6 3 1 2 1 1 
1 2 . 3 5 3 1 0 0 . 0 0 0 
0 . 0 7 9 2 6 0 0 . 6 4 1 5 4 ? 
2 4 2 6 1 2 5 7 6 
1 9 , 2 9 1 J O O . O O O 
0 . 1 0 0 5 8 0 0 . 5 2 1 3 9 3 
1 1 0 0 7 0 2 9 
1 3 . 6 5 2 1 0 0 . 0 0 0 
O . O B 3 3 3 3 0 . 5 3 2 4 2 4 
2 6 8 6 1 2 6 5 0 
2 1 . 2 3 3 1 0 0 . 0 0 0 
0 , 1 4 * 9 5 * 0 , 6 1 2 6 7 7 
1 7 0 B 
1 0 . 3 6 3 
0 . 1 1 1 0 5 3 
2 5 * 9 
1 3 . 1 1 6 
0 . 1 2 2 3 7 2 
2 4 6 4 
1 2 . 6 3 1 
0 . 0 9 9 2 7 5 
5 6 9 6 
1 2 . 3 7 3 
1 . 0 5 5 1 0 3 
5 3 2 1 
1 2 . 0 7 6 
0 , 0 8 0 6 7 0 
6 * 4 0 
1 6 . 9 4 6 
0 . 1 0 5 4 5 3 
2 4 6 4 
2 1 . 5 8 4 
0 . 0 8 9 4 7 0 
6 3 3 8 
1 9 , » 7 7 
0 . 0 7 8 9 9 8 
3 3 5 
16.843 
1 6 4 4 , 
1 0 0 . 0 0 0 
1 , 0 7 1 5 8 6 
1 9 * 3 * 
1 0 0 , 0 0 0 
0 . 9 3 2 9 9 1 
1 9 5 0 S 
1 0 0 . 0 0 0 
0 , 7 8 5 9 7 9 
4 6 0 3 7 
1 0 0 . 0 0 0 
0 . 4 4 5 3 6 1 
4 4 0 6 2 
1 0 0 . 0 0 0 
0 . 6 6 8 0 1 1 
3 8 0 0 2 
1 0 0 , 0 0 0 
0 . 6 2 2 2 7 0 
1 1 4 1 6 
1 0 0 . 0 0 0 
0 . 4 1 4 5 2 4 
3 1 7 2 6 
1 0 0 . 0 0 0 
0.395439 
1 9 8 9 
1 0 0 , 0 0 0 




2 0 1 8 
9 . 8 4 1 
0 . 0 4 8 8 6 2 
1 4 7 4 
7 . 1 8 8 
0 . 0 3 5 6 9 0 
3 9 1 4 
1 9 . 0 8 7 
0 . 0 9 4 7 7 0 
D 1 S T CUST A I G S A L E S AO 4 GEN 
1 7 . 2 7 2 
0 . 1 2 2 7 2 7 
6 . 7 0 8 
0 , 0 * 7 6 * 1 
3 . 9 6 9 
0 , 0 2 8 2 0 2 
1 3 . 7 8 3 
0 . 0 9 7 9 3 3 
2 0 5 0 6 
1 0 0 . 0 0 0 
0 , 4 9 6 5 1 3 
TOTAL 
2 6 8 5 
1 7 5 7 
1 5 3 8 1 * 5 7 
2 0 8 3 1 5 5 7 
1 6 5 7 
1 7 5 7 
1 9 5 7 
2 7 5 4 2 0 5 7 
9 0 2 3 2 1 5 7 
2 2 5 7 
2 3 5 7 
1 0 0 . 0 0 0 
0 , 7 1 0 5 5 0 
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P H J J I r t A N S 
AMuUnT 1 3 7 9 8 1 3 1 
» UF T J T A L 8 9 . 9 5 ? 0 . 4 6 4 
C t N T S / * W H 0 . 8 3 4 7 * 3 0 , 0 0 7 9 2 5 
AMOUNT 1 8 * 1 1 1 4 3 
I UF T O T A L 3 9 . 5 7 7 11.468 
Ct"*TS/H*H 0 . 4 6 3 1 8 0 O , n 0 i 4 5 3 
A M U U N l 1 3 7 7 1 8 0 2 
I OF T O T A L 8 5 . 5 5 4 3 . 8 2 4 
C t N l S / * W H 0, 4 9 4 8 * 6 0 , 0 * 8 8 1 8 
A M U U N l 2 3 9 8 1 1 ? 9 9 
» OF IjTAl 3 0 . 3 9 * 2 . 7 2 9 
C t N T S / < * H 0 . 3 7 0 9 7 6 0 . o 3 r i 9 2 9 
A M U U N l 5 3 7 4 1 9 8 
I OF I J T A L 6 6 . 9 * 4 * , 5 3 4 
C t N T S / K W H 0 . 4 ) 9 3 1 5 0 , 0 1 3 4 3 ' 
AMOUNT y * 0 7 2 7 3 
% OF TJT»L 1 7 . 3 1 7 2 . n i l 
C t N T S / * « H 0 . 5 2 5 3 1 4 0 . 0 1 5 6 9 6 
AMOUNT 2 6 3 5 5 
I UF U T A L 6 2 . 4 0 4 0 . 1 1 0 
C t N T S / « « H 0 . 5 7 0 4 2 3 O . 0 O 1 0 0 6 
AMUuNI 9 5 1 5 7 4 4 1 0 
I UF T J T A L 3 5 . 4 3 ? 2 . 5 6 9 
C t N T S / 6 » H 0 . 4 8 1 8 5 6 O . o * 2 3 3 1 
A M U U N l 9 2 3 4 3 7 8 
I OF T J T A L 5 9 . 8 4 6 2 . 4 4 7 
C L N T S / 4 . H 0 . 3 6 7 9 3 ? 0 . 0 1 5 0 3 0 
AMOUNT 1 7 3 4 0 ? 1 4 3 
i UF I J T A L 5 7 . 0 3 u I.030 
C t N T S ' M H 0 . 1 5 5 4 8 8 O.Om-1869 
AMOUNT 3 6 3 3 4 6 0 
f UF T O T A L 3 4 . 4 4 7 4 . 4 8 4 
C t N T S / n i H 0 . 1 5 0 2 0 7 0 . 0 * 0 2 6 4 
A M U U N l 3 8 4 3 2 2 1 
I UF T j T A L 3 5 . 3 3 8 3 . 1 4 1 
C t N T S / X U r l 0 . 3 1 4 4 6 8 O . o l 7 « 8 0 
A H U j N l 5 7 4 8 3 6 1 
t OF T J T A L 4 5 . 9 8 0 2 . 1 8 6 
C t N T S / « i M 0 , * « i 9 * 8 O . 0T795 1 
A M U U N l 8 4 1 4 4 2 0 
» OF TJT«L 5 4 . 2 9 4 2 . 7 1 0 
C t N T S / 5 * H 0 , 5 8 3 4 9 5 0 . 0 * 9 1 2 6 
AMOUNT 9 5 1 2 8 5 5 
I UF I J T A L 4 9 . 1 7 4 4 . 9 3 9 
C t N T S / * * * 0 . 4 5 3 4 3 1 0 . 0 4 5 7 4 6 
AMUunI 9 4 6 9 0,60 
I UF TjTAl 3 1 . 3 7 1 3 . 6 3 8 
C t N T S / K l H 0 . 3 9 7 1 9 0 0 . 0 2 8 0 2 0 
A M U U N l 2 5 7 4 9 3 4 0 0 
I UF T U T A L 5 6 . 5 4 1 3 . 4 5 1 
C t N T S / K r f H 0 . 2 5 8 4 2 0 0 . 0 * 4 8 9 0 
A M U U N l 2 6 * 1 1 ? 5 4 
t U f l U T A i . 6 2 . 1 0 4 0 . 6 1 4 
C t N T S / K K H 3 . 4 0 6 3 7 ? 0 . 0 0 4 0 1 6 
A M U U N l 1 8 5 * 0 9 3 3 
I UF T O T A L 5 2 . 3 * 4 * . 6 3 6 
C t N T S / K * H 0 . 3 1 5 8 * 5 0 . 0 1 5 9 1 1 
A M U U N l 4 0 3 2 2 3 1 
I UF I U T A L 3 8 . 0 8 6 2 . 1 8 * 
C t N T S / U r f * 0 . 1 5 7 8 0 8 0 , 0 0 9 0 4 1 
ANUUNT 1 2 8 3 1 3 5 9 
I OF T O T A L 4 9 . 4 9 3 1 . 3 8 5 
C t N T S / « < M 0 . 1 8 1 5 6 2 0 , o 0 5 0 8 0 
AMUUNT 1 1 9 7 13 
I UF T O T A L 6 0 . 7 9 * 0 , 6 6 0 
C t N T S / K < I H 0 . 7 5 7 5 9 5 0 . 0 0 8 2 2 8 
AMOUNT 8 2 5 9 1 0 5 4 
I UF T O T A L 4 3 . 1 0 1 5 . 5 0 0 
C t N T S / « * H 0 . 2 1 5 9 * 2 0 . 0 2 7 5 5 6 
0 U M N A 8 Y i'XOO IhANS 
( OF I U T A L 5 5 . 3 3 1 2 . 9 0 0 
C t N T S / * * N 0 . 3 6 2 3 0 9 0 . 0 * 0 0 3 7 
O I S T C US I A I Ii S A L E S 
? 4 y 9 8 7 5 4 1 8 
1 2 . 6 6 9 4 . 4 3 6 2 . 1 1 9 
0 . 1 3 1 1 8 0 0 . 0 5 2 9 3 4 0 . 0 2 5 2 0 7 
5 * 1 8 1 0 6 3 7 6 7 
1 7 . 0 7 1 6 . 0 * 3 2 . 3 0 9 
0 . 1 3 3 2 6 2 0 . 0 4 7 5 8 6 0 . 0 1 9 5 9 1 
2 6 0 5 U 9 7 7 4 2 
1 3 . 3 7 3 5 . 7 0 7 3 . 3 3 8 
0 . 1 0 0 7 9 ] 0 . 0 4 3 0 1 1 0 . 0 2 6 6 6 ? 
9 0 4 5 3 2 0 3 2 2 1 4 
19 .003 0 . 8 9 7 4 . 6 5 1 
0 . 2 1 5 3 5 7 0 . 0 7 6 1 6 7 0 . 0 5 2 7 1 4 
8 9 0 3 3 9 1 4 9 
1 1 . 4 1 5 4 . 6 0 4 1 . 9 1 1 
O . 0 0 9 4 7 7 0 . 0 * 8 0 2 5 0 . 0 1 1 6 3 2 
1 3 9 5 7 5 7 5 2 3 
1 1 . 5 6 ? 5 . 5 3 5 3 . 6 2 4 
0 . 0 9 1 0 3 9 J . 0 4 3 2 0 0 0 . 0 2 9 0 5 2 
6?1 2 9 3 1 0 1 
1 3 , 6 6 9 6,444 3 , 3 4 4 
0 . 1 * 4 4 5 0 0 . 0 5 9 3 3 6 0 . 0 3 2 3 9 4 
3 2 J 7 3 1 3 3 3 2 5 0 8 7 
IB .684 7 . 7 7 6 7 . 4 6 3 
0 . 1 6 2 4 H 0 . 0 6 7 6 1 2 0 . 0 2 5 7 6 0 
2 2 8 8 9 3 * 8 9 5 
1 4 . 8 0 9 6 . 1 7 3 5 . 7 9 3 
0.090474 0 , 0 3 7 9 3 2 . 0 . 0 3 5 3 8 6 
4 7 1 7 1 8 0 3 9 3 4 
13 .475 5 . 9 2 * 3 . 0 6 4 
3 . 0 * 6 3 6 1 0 . 0 3 6 9 3 0 0 . 0 ) 9 1 2 0 
2 6 * 4 7 2 4 7 3 7 
2 5 . 1 3 9 6 .90* 7 . 0 6 1 
3 . 1 1 3 5 4 ? 0 . 0 3 1 5 7 * 0 . 0 3 1 4 1 9 
1 1 0 9 4 3 9 3 1 0 
1 5 . 7 6 4 6 . 2 4 0 4 . 4 0 7 
0 . 0 8 9 7 2 5 0 . 0 3 5 5 1 8 O . J ? 5 0 8 1 
7 0 8 8 8 2 6 0 0 1 
1 6 . 7 0 3 6 . 6 0 7 6 . 8 8 7 
3 . 1 O 3 0 ? 9 0 . 0 4 1 0 7 4 0,042815 
2 7 9 4 1 3 4 3 9 1 8 
1 0 . 0 2 9 8 . 6 7 9 5 . 9 2 4 
0 , 1 9 3 7 5 9 0 . 0 9 3 2 7 3 0 , 0 6 3 6 5 2 
4 3 9 5 1 2 4 4 5 5 9 
2 6 . 3 4 5 7 . 4 7 3 3 . 2 2 9 
3 . 2 4 5 * 5 3 0 , 0 6 9 2 3 5 0 . 0 2 9 4 0 9 
3 8 0 3 1 37 7 8 * 7 
2 0 . 7 1 2 7.500 4 . 3 0 4 
0 . 1 3 9 3 2 2 0 . 0 5 7 7 6 0 0 , 0 3 4 6 9 0 
7 0 3 0 1 0 8 4 2 6 1 5 
1 5 . 4 5 1 4 . 1 4 1 5.747 
0 . 0 7 0 3 5 4 3 . 0 1 8 9 0 8 0 , 0 2 6 2 4 4 
7 3 6 3 2 8 3 6 1 7 5 3 
1 7 . 9 2 0 6 . 7 * 0 4 , 1 5 4 
0 . 1 1 7 2 5 6 0 . 0 4 3 9 6 9 0 , 0 2 7 l 7 f l 
6 1 1 4 2 0 7 * )730 
1 7 . 2 7 4 5 . 8 3 4 4 . 6 0 8 
0 . 1 0 4 2 6 3 0 , 0 3 5 3 3 4 0 , 0 2 9 5 0 2 
2 2 2 9 1 0 5 1 7 8 2 
2 1 . 0 5 6 9 . 9 2 0 7 . 3 8 7 
0 . 0 0 7 2 4 1 0 . 0 4 1 1 3 5 0 . 0 3 0 6 0 7 
4 4 1 2 1 8 4 5 9 2 9 
1 0 . 4 4 7 7 . 3 1 0 3 , 5 8 3 
0 . 0 6 9 5 0 6 0 , 0 2 6 8 1 3 0 . 0 1 3 1 4 6 
1 4 6 1 6 3 1 0 6 
7 . 4 1 5 9 , * 9 4 5 , 3 0 3 
0 . 0 9 2 4 0 5 0 , 1 1 5 8 2 3 0 , 0 6 7 0 0 9 
3 3 5 2 1 6 1 1 1 2 6 6 
1 7 , 4 9 3 9 . 4 5 1 6 , 6 0 7 
0 . 0 6 7 0 3 4 0 . 0 4 7 3 4 6 0 . 0 3 3 0 9 8 
D 1 S T COST A I U S A L E S 
17 .636 6 . 6 0 4 4 . 0 4 9 
0 . 1 2 1 0 5 3 0 . 0 4 7 0 1 3 0 , 0 2 7 9 7 9 
AO A S E N T U T A L C U - Y K 
2 0 0 3 
1 0 . 1 5 5 
0 . 1 2 1 1 7 4 
1 9 7 2 5 
1 0 0 . 0 0 0 
1 . 1 9 3 2 8 5 
1 6 5 3 1 5 6 
4 3 6 4 
1 4 , 2 7 7 
0 . 1 1 1 4 6 9 
3 0 5 6 7 
1 0 0 . 0 0 0 
0 . 7 8 0 7 6 6 
3 9 1 5 2 5 6 
1 6 5 0 
7 . 9 0 5 
0 . 0 5 9 5 7 6 
2 0 9 7 5 
1 O 0 . 0 O O 
0 , 7 5 3 6 * 3 
7 7 8 3 3 5 6 
7 7 7 6 
1 6 . 3 3 7 
0 . 1 8 3 1 4 3 
4 7 5 9 8 
1 0 0 . 0 0 0 
1 . 1 3 3 2 * 6 
4 ? 0 0 4 5 6 
8 2 7 
1 0 . 6 0 7 
0 . 0 6 4 5 5 * 
7 7 9 7 
100.000 
0 . 6 0 8 6 6 5 
1 2 8 1 5 5 6 
1 3 2 0 
9 . 6 5 1 
0 . 0 7 5 3 4 2 
1 3 6 7 7 
100.000 
0 . 7 8 0 6 5 1 
1 7 5 ? 6 5 6 
6 2 6 
1 3 . 7 7 9 
0. 1 2 5 9 5 6 
4 5 4 1 
1 0 0 . 0 0 0 
0 . 9 1 4 0 8 5 
4 9 7 7 5 6 
2 1 5 8 4 
1 2 . 5 7 3 
0 . 1 0 9 2 9 7 
1 7 1 6 6 3 
1 0 0 . 0 0 0 
0 . 8 6 9 2 6 8 
t 9 7 « 8 856 
1 6 8 1 
1 0 . 8 6 0 
0 . 0 6 6 8 3 9 
1 5 4 5 0 
1 3 0 . 0 0 0 
0 . 8 1 4 3 1 4 
2 5 1 5 9 5 6 
3 4 9 2 
1 1 . 4 5 6 
0 , 0 7 1 4 8 4 
3 0 4 1 ? 
1 0 0 . O O O 
0 . 6 2 3 9 9 ? 
4 5 8 5 1 0 5 6 
2 ? 2 7 
2 1 . 3 3 6 
0 . 0 9 6 4 4 9 
1 OA i d 
100 .000 
0 , 4 5 2 0 6 7 
2 3 0 9 1 1 5 6 
1 0 6 4 
1 5 , 1 2 4 
0 . 0 8 6 0 8 4 
7 0 3 5 
10O.0OO 
0 . 5 6 9 1 7 5 
1 2 3 6 1 2 5 6 
2 6 1 6 1 2 5 0 1 2011 1 3 5 6 




1 6 0 7 
1 0 . 3 7 0 
0 . 1 1 1 4 4 2 
1 5 4 9 7 
100.000 
1 , 0 7 4 6 * 4 
1 4 4 2 1 4 3 6 
1 4 9 4 
9 . 6 3 1 
0 . 0 7 9 9 3 6 
1 7 3 1 0 
1 0 0 . 0 0 0 
0 . 9 2 6 1 6 4 
1 8 6 9 1 5 5 6 
2 2 1 » 
1 2 . 0 3 0 
0 . 0 9 3 0 3 7 
1 0 3 8 1 
1 0 0 , 0 0 0 
0 . 7 7 0 1 7 6 
2 3 8 4 1 6 5 6 
5 7 4 2 
1 2 . 6 2 0 
0 . 0 3 7 6 2 7 
4 5 5 0 0 
1 0 0 . 0 0 0 
0 , 4 5 6 6 4 4 
9 9 6 4 1 7 5 6 
3 5 8 3 
6 . 4 9 0 
0 . 0 5 5 5 5 0 
4 2 2 0 5 
1 0 0 . 0 0 0 
0 . 6 5 4 3 4 ) 
8 4 5 0 1 9 5 6 
6 0 ? 6 
1 7 . 0 2 5 
0 . 1 0 2 7 6 3 
3 5 3 9 5 
1 0 0 . 0 0 0 
0 , 6 0 3 5 9 6 
5 8 6 4 1 9 5 6 
2 2 6 1 
2 1 . 3 5 0 
0 . 0 8 8 * 9 3 
| 0 5 1 6 
1 0 0 , 0 0 0 
0 . 4 1 4 3 2 5 
2 5 5 5 7 0 5 6 
5 0 0 0 
1 * . 2 8 6 
0 . 0 7 0 7 5 1 
? 5 9 ? 5 
1 0 0 . 0 0 0 
0 . 3 6 6 8 4 6 
7 0 6 7 2 1 5 6 
3 2 4 
1 6 . 4 5 3 
0 . 2 0 5 0 6 3 
1 9 6 9 
1 0 0 . 0 0 0 
1 . 2 4 6 2 0 3 
1 5 8 2 2 5 6 
3 4 2 0 
1 7 . 8 4 8 
0 . 0 8 9 4 1 2 
1 9 1 6 ? 
1 0 0 . 0 0 0 
0 . 5 0 0 9 6 7 
3 6 2 5 2 3 5 6 
AO A SEN T O T A L 
1 3 . 2 6 0 
0 . 0 9 1 7 5 5 
1 0 0 . 0 0 0 
0 . 6 9 0 9 4 6 
141 
D 1 S T CUST » l t » 
A M J J N I 
i ur iut«l 
CLITS/Km 
AMUUNl 
i ur iutAl 
C t N T S 7 , O H 
AMUU*T 
I Uf TJTAL 
C t N T S / * * N H 
1 0 5 6 7 
6 6 . 0 4 0 
0 , 7 ] B 8 4 4 
1 6 S » 5 
5 9 . 9 3 5 
0.0(3606 
1 2 4 3 9 
63-939 
0 . 3 0 5 9 0 6 
1 6 / 
1 . 0 4 4 
0 . 0 M 3 6 1 
1 2 2 
0 . 4 4 0 
0 . 0 0 j ? 6 « 
9 1 9 
« . 7 1 3 
0 . 0 3 7 2 7 * 
2 3 , 6 
1 4 . 7 2 4 
0 . 1 6 0 * 7 ? 
4 6 0 0 
1 6 . 3 9 6 
0 . 1 2 3 J 6 0 
? 6 0 4 
1 3 . 3 6 9 
0 . 1 0 3 7 2 , 
7 7 7 
4 . 8 5 6 
. 0 5 2 8 3 7 
I 7 3 9 
6 . 2 7 4 
. 0 4 6 5 * 2 
1 0 9 0 
5 . 5 * 6 
. 0 4 4 2 3 5 
SALES AD I GEn 
1 7 3 2 
1 0 . 8 2 4 
0 , 1 1 7 8 2 3 
3 9 5 9 
1 4 . 2 8 3 
0 . 1 0 5 9 1 2 
4 0 3 
2 . 3 1 9 
0 . 0 2 7 4 1 5 
7 l ? 
2 . 3 6 9 
0 . 0 1 9 0 4 8 
6 * 7 
3 . 3 2 2 
0 . 0 2 6 * 6 9 
TUTAL 
1 6 0 0 1 
1 0 0 . 0 0 1 
1 . 0 8 8 5 0 3 
2 7 7 , 8 
ioo.ono 
0 . 7 4 1 5 2 0 
1 7 6 1 | 9 « 7 8 
9 . 0 4 1 1 0 0 . 0 0 0 
0 . 0 7 U 9 8 0 . 7 9 0 8 2 4 
1 4 7 0 
3 7 3 8 
CO-TM 
1 5 5 
2 5 5 
355 
AMUUNI 
i up utal 
C L N T S / 6 H H 
AMUUNT 
i ur UT*L 
clnts/*m 
A M J J N T 
* OF UTAL 
CLNTS/**H 
A M J J N I 
* Jr U T A L 
C t N T S / * » H 
AMJUNI 
t ur UTAL 
C L N T S / « M » t 
A M U U N I 
f Ur U T A L 
C t N T S / « l H 
A M J U N T 
f jr U T * L 
ClnTS / k in h 
AMJUNT 
A or UTAl 
C t N T S 7 « « M 
A M J J N I 
A Jr TJTAL 
C t N T S 7 « * H 
Am jjn I 
I Jr UTAl 
C t N T S / K r i H 
A M J J N I 
I ur U T A L 
C t N T S 7 6 * H 
AMUUN I 
t ur tjtal 
C L N T S 7 < N H 
AMJJnT 
f jr T J T A L 
C t N T S / K H H 
A * U J N T 
t ur UTAL 
C t N T S / 6 N H 
A M J J N I 
« jr I j T A L 
C t N T S / K H H 
A M J J N T 
* Jr TUTAL 
1 9 1 J l 
4 9 . 2 / 9 
0.3d 5 0 0 9 
4 / * l 
6 8 . 7 * 9 
0 . 4 2 3 0 * 9 
6 7 3 2 
6 ? . 9 * 1 
0 . 4 9 7 3 6 8 
2 3 3 3 
6 2 . 4 8 2 
0 . 6 0 0 2 3 4 
8 8 8 6 6 
5 5 . 3 0 9 
0 . 4 8 0 * 7 9 
8 3 * 4 
3 9 . 6 1 7 
0 . 3 6 3 0 3 2 
1 4 4 1 1 
3 4 . 1 0 9 
0 . 3 1 3 0 2 U 
U 2 3 7 
3 9 . I 6 3 
0 . * 1 7 6 9 5 
3 3 3 5 
5 4 . 3 4 3 
0 . 2 7 6 3 0 5 
5 7 8 7 
4 7 . 9 0 0 
0 . 2 9 2 0 4 9 
7 3 3 9 
5 1 . 6 1 1 
0 . 5 2 3 6 4 5 
707 3 
4 8 . 3 7 3 
0 , 3 9 4 1 9 3 
9 J / U 
5 3 . 9 9 3 
0 . 4 0 8 2 7 2 
2 3 6 4 9 
3 7 , 1 9 9 
0 . 2 3 9 9 9 a 
2 3 6 * 0 
8 0 . 4 2 2 
0 . 3 9 0 4 1 3 
17 16 3 
5 2 . 1 3 5 
1 0 6 5 
* . 6 8 8 
0 . 0 3 0 3 0 7 
1 8 0 
* . 6 2 0 
0 . 0 1 6 1 2 9 
2 5 0 
* . 3 3 0 
0 . 0 1 8 4 2 3 
0 . ( 9 3 
0 . 0 0 1 8 7 4 
4 3 4 1 
* . 7 0 2 
0 . o * 3 4 6 1 
3 1 9 
* . 2 3 1 
0 . 0 1 3 5 8 6 
1 6 3 0 
6 . 1 2 0 
0 , 0 3 5 4 7 3 
5 3 1 
4 . 9 8 9 
0 . 0 * 7 3 1 3 
2 0 2 
3 . 2 9 2 
0 . 0 1 6 7 3 6 
3 3 9 
2 . 8 0 8 
0 . 0 1 6 5 3 7 
4 5 * 
3 . 1 9 3 
0 . 0 3 2 5 2 1 
6 7 3 
4 . 6 2 2 
0 , " ' 6 5 5 6 
6 2 8 
3 . 6 1 5 
0 . 0 2 7 3 4 0 
2 2 1 6 
3 , 3 6 0 
0 . 0 * 2 4 8 8 
? 8 5 
0 . 7 2 9 
U . 0 0 4 7 1 1 
9 7 8 
2 . 9 7 1 
9 0 7 * ? 6 4 3 
2 U . 3 7 6 6 . 6 7 0 
0 . 2 3 1 * 8 0 0 . 0 7 5 7 0 9 
» 1 3 
1 1 . 8 3 6 
0 . 0 7 2 8 4 9 
1 3 3 7 
1 2 . 4 5 9 
0 . 0 9 9 3 2 6 
3 5 5 
1 3 . 3 3 0 
0 . 1 * 9 * 7 7 
2 9 1 0 9 
1 8 , 2 4 1 
0 " 1 3 9 3 9 6 
? 1 2 5 
1 4 . 8 6 2 
0 . 0 9 0 3 0 3 . 
4 6 6 0 
1 7 . 4 9 6 
0 . U 1 4 1 5 
2 3 1 0 
23.384 
0 . 1 * 9 1 1 5 
1 0 2 5 
16 . 7 0 2 
0 . 0 6 4 9 2 1 
1 8 9 8 
1 5 . 7 2 4 
0 . 0 9 2 3 8 5 
2 7 8 7 
1 9 . 6 0 2 
0 . 1 9 9 6 4 2 
4 0 6 8 
2 7 . 9 3 8 
0 . 2 2 0 9 6 7 
3 39 6 
1 9 . 3 4 9 
0 . 1 * 7 8 4 5 
6 6 6 4 
1 6 , 6 0 ] 
0 . 0 6 9 6 5 7 
7 2 6 2 
1 8 . 5 7 7 
0 . 1 2 0 0 3 3 
5 8 9 7 
1 7 , 9 1 3 
3 4 2 
4 . 9 / 9 
0 . 0 3 0 6 4 3 
7 1 7 
6 . 6 8 2 
0 . 0 5 2 6 3 / 
2 3 * 
6 . 1 9 2 
0 . 0 5 9 * 6 3 
1 1 8 1 3 
7 . 3 3 3 
0 . 0 6 3 8 3 3 
9 1 7 
6 . 4 1 3 
0 . 0 3 9 0 3 3 
1 6 0 1 
6 . 3 1 1 
0 . 0 3 6 5 8 3 
6 4 4 
6 . 0 3 1 
0 . 0 3 3 1 2 0 
4 1 1 
6 . 6 9 / 
0 . 0 3 4 0 3 1 
/ 6 7 
6 . 3 3 4 
0 . 0 3 7 4 1 3 
1 2 / 0 
8 . 9 3 2 
0 . 0 9 0 9 / 4 
1 2 0 1 
8 . 7 4 8 
0 . 0 6 5 2 3 6 
1 3 " 3 
7 . 5 1 2 
0 . 0 5 6 8 1 3 
1 8 1 4 
4 . 3 8 7 
0 . 0 1 8 4 0 * 
2 6 7 8 
6 . 8 3 1 
0 . 0 4 4 2 6 4 
1 9 6 9 
5 , 9 8 1 
1 8 3 7 
4 . 6 3 6 
0 . 0 5 2 6 2 1 
1 0 * 
1 . 3 1 4 
0 . 0 0 9 3 1 9 
4 2 3 
3 . 9 4 2 
0 . 0 3 1 1 7 2 
1 3 5 
3 . 7 7 9 
0 . 0 3 6 3 0 0 
5 0 6 3 
3 . 1 3 1 
0 . 0 2 7 3 6 3 
8 2 0 
5 . 7 3 5 
0.034*23 
9 6 1 
3 . 6 0 8 
0 . 0 2 0 9 1 4 
6 7 5 
6 . 3 4 2 
0 . 0 3 4 7 2 2 
2 6 B 
4 . 3 6 7 
0 . 0 2 2 2 0 4 
8 5 4 
7 . 0 7 5 
0 . 0 4 1 6 5 9 
8 0 8 
5 . 6 8 3 
O . 0 5 7 B B 0 
4 7 ( 
3 . 2 3 5 
0 . 0 2 3 3 8 4 
7 3 4 
4 . 2 2 5 
0 . 0 3 1 9 5 3 
2 5 9 9 
6 . 2 9 6 
0 . 0 2 6 3 7 5 
1 6 1 ? 
4 . 1 2 4 
0 . 0 2 6 6 4 5 
1 4 5 6 
4 . 4 2 3 
6 8 7 6 3 9 6 2 6 
1 7 . 3 5 2 1 0 0 . 0 0 0 
0 . l 9 6 » 6 » 1 . 1 3 5 0 9 0 
7 0 9 6 8 6 9 
1 0 . 3 2 2 1 0 0 . 0 0 0 
0 . 0 6 3 3 3 0 0 . 6 1 5 5 0 ? 
1 2 5 2 
1 1 . 6 6 7 
0 , 0 9 2 2 6 2 
5 6 7 
1 3 . 8 2 3 
0 . 1 3 2 7 9 7 
2 1 2 7 9 
1 3 . 2 * * 
0 . 1 1 5 0 0 3 
1 5 9 3 
1 1 . 1 4 1 
0 . 0 6 7 9 * 5 
3 2 9 2 
1 2 . 3 6 0 
0 . 0 7 1 6 4 3 
2 0 5 1 
1 9 . 2 7 1 
0 . 1 0 5 5 0 4 
9 9 7 
1 4 . 6 1 6 
0 . 0 7 4 3 1 6 
2 4 3 1 
2 0 . 1 3 9 
0 . 1 1 8 5 8 5 
1 5 6 0 
1 0 . 9 7 2 
o , 1 1 1 7 4 8 
1 0 7 5 
7 . 3 8 3 
0 . 0 3 8 3 9 2 
1 9 3 1 
1 1 . 1 1 6 
0 . 0 8 4 0 6 6 
4 2 0 4 
1 0 . j 6 8 
0 . 0 4 2 6 6 3 
3 6 3 3 
9 . 2 9 9 
0 . 0 6 0 0 8 3 
5 4 5 7 
1 6 . 5 7 7 
1 0 7 1 1 
1 0 0 . 0 0 0 
0 . 7 9 0 7 * 9 
4 1 0 ? 
1 0 0 , 0 0 0 
0 . 9 6 0 6 5 6 
1 6 0 6 7 ? 
1 0 0 . 0 0 0 
0 . 8 6 8 3 5 6 
1 4 2 9 9 
1 0 0 . 0 0 0 
0 . 6 0 8 9 4 4 
2 6 6 3 4 
1 0 0 . 0 0 0 
0 . 5 7 9 6 3 0 
1 0 6 4 3 
1 0 0 . 0 0 0 
0 . 5 4 7 4 7 9 
6 1 1 7 
100,000 
0 . 5 0 8 4 5 1 
1 2 0 7 1 
100 . 000 
0 . 5 8 9 9 2 9 
1 4 2 1 9 
100.000 
1 . 0 1 9 4 9 1 
1 4 5 6 1 
100 . 000 
0 . 7 9 0 9 2 9 
1 7 3 7 ? 
100 . 000 
0 . 7 5 6 2 9 1 
4 1 3 4 6 
1 0 0 . 0 0 0 
0 . 4 1 9 5 8 6 
3 9 0 9 ? 
loo.onn 
0 . 6 4 6 1 4 9 
3 2 9 7 0 
100.000 
C t N T S / K H H 0 . 3 0 5 6 0 9 0 . 0 1 7 4 1 5 3 . 1 0 5 0 0 4 0 . 0 3 5 0 6 1 0 . 0 2 5 9 2 6 0 . 0 9 7 1 6 9 0 . 5 9 6 1 9 2 
* M U j N | 
t ur T J T A L 
C t N T S / K K H 
A M J J N T 
» jr uTal 
C t N T S / K . « H 
A M J J N T 
I U f T U T A L 
CtNTS'KlH 
A M U U N l 
( ur UTAL 
C t N T S 7 * * H 
b U H M A r t Y 
« Ur T J T A L 
C t N T S / K H H 
3 9 4 9 
3 9 , 4 4 6 
0 . 1 7 6 8 3 8 
1 0 2 7 7 
4 6 . 3 4 3 
0 . 1 7 3 3 1 0 
9 7 6 
5 9 . 1 9 9 
0 . 6 9 7 1 4 3 
7 3 6 7 
4 1 . 3 8 1 
0 , 2 3 1 6 6 7 
5 4 . 5 3 5 
0.371U13 
1 7 7 
1 . 9 1 4 
0 . 0 0 8 ] 3 4 
5 0 0 
2 . 2 5 5 
0 . 0 0 8 4 4 2 
12 
0 . 7 1 6 
U , 0 0 8 - ; 7 l 
1 0 9 3 
6 . 1 3 9 
0 . 0 3 4 3 7 1 
3 . 0 2 0 
0 , 0 2 0 5 4 3 
2 1 7 3 
2 * . * 7 6 
J. 0 9 9 8 6 ? 
4 2 9 1 
1 9 . 3 0 5 
0 - 0 7 2 2 7 9 
1 4 6 
8 . 7 0 6 
0 . 1 0 4 2 9 6 
3270 
18.36S 
0 . 1 0 2 8 3 0 
1 0 0 3 
1 0 . 2 B 2 
0 . 0 4 6 0 9 4 
1 8 2 0 
8 . 2 0 7 
0 . 0 3 0 7 2 B 
1 7 2 
1 0 . 2 3 6 
0 . 1 2 2 8 3 7 
1637 
9 . 1 * 5 




8 4 * 
3 . 9 0 6 
0 . 0 1 4 * 5 0 
99 
5 . 3 0 7 
0 . 0 6 3 3 7 1 
1 1 6 7 
6 . 5 5 5 
0 . 0 3 6 6 9 8 
1 9 1 8 
1 8 . 6 3 7 
0 . 0 8 3 5 4 9 
« 4 5 5 
2 0 , 0 9 9 
0 . 0 7 5 2 1 5 
2 9 3 
1 6 . 9 7 5 
0 , 2 0 2 1 4 3 
3 2 6 » 
1 8 . 3 6 2 
0 . 1 0 2 7 9 9 
3 1 S T CUST A T S S A L E S AO i GEN 
1 9 . 0 2 6 
, 1 * 2 6 3 4 
6 . 8 3 3 
0 , 0 * 6 * 8 * 
4 . 1 4 2 
0 , 0 2 9 1 7 6 
1 3 . 4 4 5 
0 . 0 9 1 4 6 9 
9 7 5 3 
1 0 0 . 0 0 0 
0 , 4 4 9 3 0 0 
2 2 1 7 6 
1 0 0 . 0 0 0 
0 . 3 7 * * 0 5 
1 6 7 7 
1 0 0 , 0 0 0 
1 . 1 9 7 9 3 7 
17803 
1 0 0 . 0 0 0 
0 , 5 5 9 8 * 3 
TOTAL 
1 0 5 5 
1 9 * 4 1 1 3 5 
2 1 7 6 2 0 5 5 
5 9 2 3 2 ] 5 5 
3180 2355 
1 0 0 . 0 0 0 
0 , 6 9 0 3 1 3 
142 
01 ST CU4T Alb SALES AO I SEN 
AMOUNI 
( Or UTAL 
CtNTS/KM 
AMUUNl 
t ur IUTAL 
CtNTS/AMH 
AMUuNI 
I ur IUTAL 
CtlTS'AIIN 
AMUUNl 
* ur IJlAL 
C tMT »/6* H 
AMUUNT 
> ur IUTAL 
CtNTS/MH 
AMUUNI 
( ur tjtal 
CtNTS/6MH 
AMOUNT 
* ur utal 
CtNTS/6<IN 
AMUUNT 
( Ur U1A l 
CtNTS/lnH 
AMUjNT 
* ur UTAL 
CtNTS/HtM 
AMUUNl 
* ur IUTAL 
CtNTS/6"H 
AMUUNI 
I ur TUTAL 
CtNTS/AMd 
AMUUNl 
> ur UTAL 
CtNTS/ANri 
AMUUNT 
> ur IUTAL 
CtNTI/KMH 
AMUUNl 
I Up- TUTAL 
CtNTS/na* 
AMUUN1 
> ur ijt»l 
clnT»/*nh 
AMUUNT 
t ur IUTAL 
CtNTS/*MH 
AMJuNI 
I ur TUTAL 
CtMTS/AMN 
AMUUNT 
I Ur TUTAL 
CtNTS/AWN 
AMUUNT 
I Ur IUTAL 
CtNTS/AKH 
AMUUNT 
S ur TUTAL 
CtNTS/mM 
AMOUNT 
I Ur TUTAL 
CtNTS/A*H 
AMOUNT 
> Or TOTAL 
CtNTJ/HKH 
amount 
i ur TuTal 
CtNTS/6XH 









































































































































































































































































































































1065* 52*6 19072 15297? 
0.407 3,«3? 12.88* 100.000 


























































































































































OlsT ClJST AIG SALES AO » SEN 
AMOUNT 
i ur t U T A t 
CtNTS/**H 
AMOUNT 
i ur ruTAL 
CfTS/̂ KH 
AMUUNT 
i ur Ijtal 
CtNTS/*** 
AMUUNT 
f ur 1UTAL 
CtNTb/KiH 
AMUUNT 
1 Ur UTAL 
CtNTS/«iH 
AMUUNT 
i ur iut«l 
CtNTS/iM«H 
AMUUNl 
» ur tUTAL 
CtNTS/KHH 
AMJuNT 
I Ur TUTAL 
CtNTS/HHH 
AMUUNl 
i ur TuTal 
CtNTS/KHH 
AMUUNl 
1 J> TUTAL 
CtNTS/Mrf 
AMUUNT 
( Ur TUTAL 
CLNTS/ftrtri 
AMJUNl 
i ur TUTAL 
CtNTS/<HH 
AMUUNT 
I Ur TUTAL 
CtNTS/AHH 
AMUUNT 
t Ur TjTAL 
CtNTS/«*H 
AMUUNT 
* Ur UTAL 
CtNTS/MH 
AMUUNT 























































































































































































































































































































CtNTS/ftKri 0.460B17 0.030035 0. 135098 0.0594*4 ; 0.027100 0, 102992 0,815533 
Amount 
1 or TuTal 
Ĉ NTS/MH 
AMUUNl 
1 or total 
CtNTS/KrtH 
AMUUNT 
I UF TOTAL 
CLNTS/ftNri 
AMUUnT 
f Ur TUTAL 
CtNTS/MH 
AMUUNl 
I ur TOTAL 
CtNTS/6*H 
AMUUNT 
1 ur Total 
CtNTS/KrtH 
AMOUNT 
I Ur TUTAL 
C t N T S / M H 




























































































































































































• 1 S T ClJST A I U S A L E S AD I B E N 
AMUUN r 
* ur I U T A L 
C L N t S / M H 
A M U U N l 
t Ur UTAL 
CkNTS/AKH 
AMUUNT 
i ur T U T A L 
C t N T S / < « M 
A « U j N T 
« ur I U T A L 
C t N T S M r f H 
AMUUN t 
* ur Tjtal 
CtNTS/AK-l 
AMUUNT 
* Ur T U T A L 
C t N T S ' M H 
t Ur U T A L 
C t N T S / M H 
AMUUN T 
t Ur TjTal 
C t N T S / K . » H 
AMUUNT 
» ur 1UT«L 
C t N T S ' K r f H 
AMUUNT 
A UF 1UTAL 
C t N T S / « . « M 
A M U U N ' 
I ur U T A L 
C t N T S / " i r f H 
A M U U N I : 
t Ur U T 4 L 
C t N T S / ^ X H 
AMUUNT 
t ur Tjtal 
ctNTS/*m 
AMUUNT 
» ur utal 
C t N T S ' < * H 
AMUUNT 
t U p T U T A L 
CfcNTS'AMH 
AMUUNT 
I UF T U T A L 
C t N T S / A * r f 
AMUUNT 
t Ur T U T A L 
C t N T S / K X H 
A M U j N T 
i ur I U T A L 
Ct.NTS/A»H 
AMUUNT 
i ur uTal 
C t N T S / H H H 
AMUUNT 
i ur tutal 
C t N T S / K M H 
A M U U N l 
I OF U T A l 
C t N T S / A d H 
AMJUnT 
I Ur T U T A L 
C t N T S / M H 
8 6 * 8 
O, 7 3 5 B 2 3 
1 5 7 U 0 
6 1 . S U A 
0 , 4 8 0 4 1 * 
- 9 7 * 8 
6 5 . 7 4 7 
0 . , ' 4 0 3 6 4 
1 2 6 3 1 
4 7 . 0 * 3 
0 . 5 6 3 7 7 0 
1 4 5 9 
4 6 . 6 2 D 
0 . 2 2 * 9 0 5 
4 7 2 3 
6 0 . 4 9 7 
0 . 4 2 9 1 9 6 
2 3 * 3 
6 0 . 7 6 2 
0 , 7 7 1 7 6 1 
5 6 5 4 * 
5 9 . 3 8 4 
0 . 5 1 2 2 0 2 
9 6 6 * 
6 3 . 1 3 3 
0 . 4 * 6 0 2 3 
1 4 4 2 2 
5 7 . 6 7 9 
0 . 3 9 5 9 9 1 
4 2 7 4 . 
4 7 . 1 1 7 
0 . 2 2 3 8 8 / 
1 4 9 3 
3 9 . 8 6 0 
0 , 1 H 2 4 6 2 
5 8 1 6 
5 3 . 0 4 1 
0 , 2 6 4 8 4 5 
6 1 8 5 
5 0 . 6 3 4 
0 . 5 9 6 4 3 ? 
B 2 3 1 
6 1 . 2 4 7 
0 . 7 2 7 1 * 0 
7 6 2 5 
5 8 . 6 4 0 
0 . 4 7 0 3 8 9 
1 7 5 7 ? 
5 3 . 0 1 4 
0 . 2 3 6 7 6 7 
2 4 2 7 8 
8 4 . 8 0 9 
0 , 4 6 8 7 3 9 
1 3 2 5 2 
5 l . 4 5 4 
0 . 2 8 3 3 8 7 
2 9 0 6 
3 5 . 2 6 3 
0 . 1 9 4 3 8 5 
8 9 5 6 
4 8 . 8 7 3 
0 . 2 ) 0 2 3 5 
5 6 9 
4 9 . 7 3 7 
0 . 6 1 1 8 * 8 
1 0 3 
U . H 2 3 
0 . 0 0 8 9 1 3 
6 8 
0 , 2 6 8 
0 . 0 0 2 0 8 1 
7 1 5 
4 . 9 1 9 
0 . 0 3 9 6 2 4 
7 7 9 
2 . 9 9 8 
0 . 0 3 4 7 1 5 
9 3 
* , 9 7 2 
0 . 0 1 4 4 6 3 
2 4 2 
3 . 1 0 0 
0 . 0 2 1 9 4 0 
0. 3 0 7; 
O . 0 U 3 6 3 4 
1 5 8 7 
1 . 6 7 2 
0 . 0 1 4 3 7 6 
3 3 5 
2 . 4 3 6 
0 , 0 1 7 9 8 2 
1 6 2 1 
6 . 4 8 3 
0 . 0 4 u 5 0 9 
3 9 7 
4 . 3 7 7 
U . 0 * 0 7 9 6 
1 9 9 
3 . 1 9 0 
0 . 0 1 8 9 9 9 
2 7 3 
2 . 4 9 U 
U . 0 1 2 4 3 2 
3 4 1 
* . 7 9 2 
0 .o3?883 
3 9 2 
2 . 9 1 7 
0 . 0 3 4 6 2 9 
4 4 8 
3 . 4 4 5 
0 . 0 * 7 6 3 7 
1 7 6 1 
3 . 3 1 3 
0.0*3730 
? 6 3 
0 . 7 0 7 
O . 0 U 5 1 1 7 
7 0 7 
2 . 7 4 5 
U . 0 1 5 1 2 9 
1 0 3 
1 . 2 5 0 
0 , 0 0 6 8 8 5 
3 2 8 
1 . 7 9 0 
0 . 0 0 7 7 0 0 
1 0 
0 . 8 5 7 
0 . 0 1 0 7 5 3 
1 6 8 1 
1 3 . 1 7 7 
9 , 1 4 2 6 9 9 
4 0 5 7 
1 3 . 9 7 1 
0 . 1 2 4 1 4 3 
1 6 3 4 
1 0 . 9 9 9 
0 , 0 9 0 4 2 6 
5 9 9 7 
2 2 , 3 1 0 
0 . 2 6 7 * 4 6 
6 9 8 
2 2 . 2 4 4 
0 . 1 0 9 2 4 3 
1 0 4 4 
1 3 . 3 7 3 
0 . 0 9 4 6 5 1 
". U . 3 7 4 
0 . 1 3 5 5 4 8 
1 5 * 7 7 
1 6 , 8 3 7 
0 . 1 4 4 7 3 2 
1 8 3 8 
1 3 . 3 6 5 
0 , 0 9 8 6 5 9 
4 3 3 1 
1 7 . 3 2 1 
0 . 1 1 9 9 1 9 
1 8 3 4 
2 0 , 2 1 0 
0 . 0 9 6 0 7 1 
8 4 8 
2 2 . 0 7 2 
0 . 0 6 0 9 1 6 
I ' l l 
1 5 . 6 0 4 
0 . 0 7 7 9 l u 
? 6 2 6 
2 1 . 4 9 8 
0 . 2 3 3 2 3 0 
7 6 9 7 
2 0 , 0 6 9 
0 . 2 3 8 2 5 1 
2 0 0 8 
1 5 . 4 4 3 
0 . 1 * 3 8 7 4 
6 1 6 9 
I B . 6 0 9 
0 . 0 8 3 1 1 5 
6 3 4 6 
1 6 . 9 4 2 
0 . 1 2 2 3 3 3 
5 4 3 4 
2 1 . 0 9 9 
0 . 1 1 8 * 8 5 
1 9 6 3 
2 3 . 8 1 7 
0 , l 3 i 2 t 7 
3 7 1 0 
2 0 . 2 4 8 
0 . 0 1 ) 7 0 9 9 
1 3 3 
1 1 . 3 9 7 
0 . 1 4 3 0 1 1 
6 4 6 
5 . 0 6 4 
0 . 0 5 4 8 3 9 
1 6 » 2 
6 . 3 U 3 
0 . 0 3 O 5 3 1 
7 4 5 
5 . 0 1 4 
0 . 0 4 1 * * 9 
1 7 3 » 
6 . 3 4 U 
0 , 0 7 9 3 4 2 
2 4 4 
7 . 7 9 B 
0 . 0 3 7 9 4 7 
5 U 2 
6 . 4 3 0 
0 . 0 4 5 5 1 2 
5 . 6 3 9 
0 , 0 6 7 4 4 2 
5 9 U 3 
6 . 1 1 7 
U . 0 5 7 5 8 6 
9 1 7 
6 . 6 6 8 
0 . 0 4 9 2 2 2 
1 4 U B 
5 , 6 3 1 
0 . 0 3 8 6 6 0 
4 9 3 . 
5 . 4 3 3 " 
0 . 0 2 5 8 * 3 
3 3 7 
9 . 2 9 2 
0 . 0 3 4 0 6 5 
6 4 3 
5 . 8 8 2 
0 . 0 2 9 3 7 * 
9 4 2 
7 . 7 1 2 
0 . 0 9 0 8 3 9 
9 2 1 
6 . 8 3 3 
0 , 0 8 1 3 6 0 
9 2 4 
7 . 1 U 6 
0 . 0 5 7 0 0 2 
1 6 U 7 
4 . 8 4 8 
J . 0 2 1 6 3 3 
2 3 7 2 
6 . 3 3 2 
0 . 0 4 5 8 0 0 
2 0 8 6 
8 , 0 9 9 
U . 0 4 4 6 3 9 
8 3 6 
1 0 . 1 4 3 
0 , 0 5 5 8 8 2 
1 4 6 8 
8 . 0 1 1 
0 , 0 3 4 4 * 0 
1 5 1 
1 2 . 9 1 9 
0 , 1 * 2 3 6 6 
2 9 2 
2 . 2 8 9 
0 . 0 2 4 7 8 8 
4 4 6 
1 . 7 5 6 
0 . 0 1 3 6 4 7 
4 3 5 
2 . 9 2 9 
0 . 0 2 4 0 7 3 
1 3 0 6 
4 . 8 3 9 
0 , 0 5 8 2 0 0 
6 2 
1 . 9 8 1 
0 , 0 0 9 6 4 2 
2 8 9 
3 . 6 8 9 
0 . 0 2 6 1 1 1 
3 . 0 6 7 , 
0 . 0 3 6 5 4 5 
3 1 3 3 
3 . 3 0 4 
0 . 0 2 9 3 9 9 
4 5 6 
3 . 3 1 6 
0 , 0 2 4 4 7 7 
B 9 3 
3 . 3 7 1 
0 . 0 2 4 5 i 9 
3 4 0 
5 . 9 9 3 
0 . 0 2 9 * 8 7 
1 9 5 
5 . U 7 3 
0 . 0 1 9 6 0 7 
5 7 6 
5 . 2 5 3 
0 . 0 2 6 * 3 0 
8 0 1 
4 . 9 2 0 
0 . 0 3 7 9 3 6 
2 8 4 
2 . 1 1 3 
0 . 0 2 5 0 8 9 
2 9 3 
2 . 2 5 3 
0 . 0 1 9 0 7 5 
2 1 7 3 
6 . 5 5 6 
0 . 0 2 9 2 9 2 
1 3 9 6 
3 . 7 2 7 
0 . 0 2 6 9 3 5 
1 U 3 7 
4 . 1 0 4 
0 . 0 2 2 6 1 9 
5 8 4 
7 , 0 8 6 
0 , 0 3 9 0 3 7 
4 8 0 
2 . 6 1 9 
0 . 0 H 2 6 8 
4 8 
4 . 1 1 3 
0 . 0 5 1 6 1 3 
1 3 * 3 
1 0 , 7 0 0 
0 , 1 1 3 8 7 4 
TOTAL 
1 2 7 5 7 
1 0 0 . 0 0 0 
1 , 0 8 2 9 3 7 
3 4 8 1 2 5 4 0 ) 
1 3 . 7 0 3 1 0 0 . 0 0 0 
0 , 1 0 * 3 1 8 0 . 7 7 7 3 2 6 
1 5 5 9 
1 0 . 4 9 3 
0 . 0 8 * 2 7 6 
4 3 8 9 
1 6 . 3 2 8 
0 . 1 9 5 3 8 8 
5 7 5 
1 8 . 3 7 6 . 
0 . 0 8 9 4 2 3 
1 0 0 8 
1 2 . 9 1 1 
0 . 0 9 1 3 8 7 
1 4 , 8 0 3 
0 . 1 7 6 4 1 * 
1 1 9 4 9 
1 2 , 4 8 6 
0 . 1 0 7 3 3 8 
1 5 2 4 
1 1 . 0 8 2 
0 . 0 8 1 9 0 4 
2 3 3 0 
9 . 3 1 9 
0 . 0 6 3 9 . 7 6 
.- 1 5 - 3 * 
1 6 . 8 8 9 
0 . 0 8 0 2 3 1 
7 5 1 
1 9 . 5 4 7 
0 , 0 7 1 6 6 0 
1 9 4 5 
1 7 . 7 3 8 
0 . 0 8 8 3 7 0 
1 5 2 0 
1 2 . 4 4 4 
0 . 1 4 6 3 7 7 
9 1 4 
6 . 8 0 1 
0 . 0 8 0 7 4 2 
1 7 0 3 
1 3 . 1 1 2 
0 . 1 0 5 1 8 2 
3 8 6 5 
1 1 . 6 6 1 
0 . 0 5 2 0 8 2 
2 8 0 3 
7.483 
0 , 0 5 4 1 2 2 
3 2 1 9 
1 2 . 4 9 9 
0 . 0 6 8 8 8 3 
1 8 4 9 
2 2 . 4 3 4 
0 , 1 2 3 3 9 6 
3 3 8 2 
1 8 . 0 5 6 
0 . 0 7 9 3 9 0 
2 3 5 
2 1 . 8 5 1 
0 . 2 7 4 1 9 4 
1 4 8 3 7 
1 0 0 . 0 0 0 
0 . 8 2 2 1 9 1 
2 6 8 9 0 
1 0 0 . 0 0 0 
1 . 1 9 7 8 6 1 
3 1 3 9 
1 0 0 . 0 0 0 
0,486629 
7 8 0 7 
1 0 0 . 0 9 0 
0 . 7 0 7 7 9 7 
1 0 0 , 0 0 0 
1 . 1 9 1 6 9 4 
9 4 8 9 5 
1 . 0 0 . 0 9 0 
0 . 9 3 9 6 3 4 
1 3 7 3 ? 
1 0 0 . 0 0 0 
0 . 7 3 9 1 6 0 
? 3 0 0 4 
1 0 0 . 0 0 0 
0 . 6 9 6 5 4 6 
9 0 7 1 
1 0 0 . 0 0 0 
0 . 4 7 3 1 7 0 
• 3 8 4 2 
1 0 0 . 0 0 0 
0 . 3 6 6 6 0 3 
1 0 9 * 3 
. 1 0 0 . 0 0 0 
0 . 4 9 9 3 1 7 
1 2 2 1 3 
1 0 0 . 0 0 0 
1 . 1 7 7 9 1 7 
1 3 4 3 9 
1 0 0 . 0 9 0 
1 . 1 8 7 1 9 1 
1 3 0 0 3 
1 0 0 . 0 0 0 
0 . 8 0 2 1 3 9 
3 3 1 4 6 
1 0 0 . 0 0 0 
0 , 4 4 * 6 9 1 
3 7 4 3 8 
100.000 
0 . 7 2 3 2 6 7 
2 5 7 5 5 
1 0 0 . 0 0 0 
0 . 3 3 1 1 4 3 
8 2 4 ? 
1 0 0 . 0 0 0 
0 , 5 3 0 9 3 6 
1 8 3 2 3 
100.000 
0 . 4 3 0 1 8 4 
1 1 6 7 
1 0 0 . 0 0 0 
1 . 2 5 4 8 3 9 
1 1 7 8 
3 2 6 8 
1 8 0 7 
C 0-YH. 
1 5 2 
2 5 2 
1 1 0 3 9 
3 6 4 ? [ 0 5 2 
1 9 0 9 1 1 5 2 
1 2 5 2 
2 1 9 6 1 3 5 2 
1 0 3 7 1 4 5 2 
1 1 3 2 1 5 5 2 
1 6 2 1 1 * 5 2 
1 7 5 2 
5 1 7 9 1 8 5 2 
4 * 7 3 1 9 5 2 
4 2 6 0 2152 
AMJJNT 5 7 4 3 
% Or T U T A L 4 0 . 7 1 3 
C t N T S / H N M 0 . 2 1 8 2 8 2 
summany pkuo 
s ur utal 5 * . 3 9 8 
C t N T S / M * 0 . 3 9 1 4 2 5 
9 1 4 
6.48U 
U , 0 3 4 7 « 0 
1 WANS 
* , 7 2 7 
0 . 0 1 8 9 2 9 
2 * 8 0 
1 7 . 3 8 1 
0 . 0 9 4 * * 1 
17.633 
0.122196 
1 * 7 2 
10.435 
0.053948 
• 1 S T CUST A l Q 
6.5*6 
0.045568 
8 4 S 
6 . 0 1 2 
0 . 0 3 2 2 3 1 
3 . 8 4 7 
2 * 4 9 1 4 1 0 * 
1 8 . 7 7 9 1 0 0 . 0 0 0 
0 , 1 0 0 * 8 4 0 . 3 ) 6 1 4 * 
S A L E S AO A GEN TOTAL 
1 2 . 8 2 8 1 0 0 . 0 0 0 
0 . 0 2 6 7 0 3 0 . 0 8 9 0 2 0 0 . 6 9 4 0 3 9 
2 6 3 1 2 3 5 2 
145 
D l S T C i ' S T A l b SALES A1 I GCN 
AMUUNT 
I O f T U T A L 
C1NTS/XNH 
A M U U N l 
t ur I J T » L 
C t N T S / « * H 
A M U U N l 
t Ur T U T A L 
C f c N T S / 4 - M 
AMUUNT 
t ur 1 U T A L 
C t N T S / 4 i ; * 
A M U U N I 
i ur ( U T A L 
C I N T S / 4 . M 
A M U U N l 
t ur I U T A L 
C t N T S / 4 * 8 
A M U U N l 
t ur i u rau 
CLNTS/4IH 
AMUUN I 
t ur I U T A L 
C t N T S / 4 W H 
8 0 8 6 
6?.eui 
0 , 7 f t 0 6 7 7 
1 3 8 9 3 
6o. 7 2 9 
0 . 4 4 8 3 6 4 
9 7 1 4 
6 / . 5 3 ? 
0 . 3 4 0 3 3 1 
1 1 3 * 6 
4 f , . 6 u 5 
0 , 5 6 4 7 1 V 
1 3 7 7 
5 ? . 3 / 5 
0 . 2 9 2 0 3 7 
8 2 
0 . 6 8 8 
o.nor/jA 
6 7 
0 . 2 9 3 
0 . 0 0 2 2 1 0 
rt>T 
5 . 3 3 5 
0 . 0 4 4 7 5 * 
7 7 5 
3 . 1 9 3 
o .n«fioio 
6 2 
2 . 7 2 3 
0 . 0 1 5 1 8 5 
4 0 4 0 1 9 4 
5 9 . 6 7 8 2 . 8 7 3 
0 , 4 ? 4 7 » / 0 , 0 * 0 6 3 8 
2 1 7 1 
6 6 . 2 0 4 
0 . 7 5 6 4 4 6 
5 7 4 4 4 
6 1 . 1 0 7 
0 . 5 0 0 3 8 3 
AMUuNI 8 0 6 2 
t Ur I U T A L 6 4 , 2 6 0 
C L N T S / 4 4 H 0 . 4 7 3 1 2 * 
A M U U N I 
» ur I J T A L 
CLNTS/40H 
A M U U N I 
' Or I J T A L 
CLNTS/KiH 
AMOUNT 
» or U T A L 
CLNTS/4WH 
AMOUNT 
» or T U T A L 
1 3 7 7 7 
5 7 . 3 6 4 
0 . 4 1 3 4 7 5 
4 3 * 1 
4 8 . 3 4 4 
0 . 2 5 1 3 4 7 
1 4 0 5 
3 9 . 3 2 ) 
0 . 1 6 3 3 7 ? 
4 7 5 8 
5 0 . 5 2 0 
0 . 1 5 2 
0 . 0 0 1 7 4 2 
1 5 0 0 
1 . 5 9 6 
0 . 0 1 3 0 6 6 
4 1 7 
3 . 3 2 5 
0 . 0 * 4 4 7 * 
I 3 3 9 
3 . 5 7 5 
0 . 0 4 ) i 8 6 
? 6 6 
2 . 4 7 6 
0 . 0 1 5 4 7 4 
I 6 8 
3 . 2 6 2 
0 . 0 2 1 8 6 0 
7 2 0 
2 . 3 3 6 
1 6 0 0 
1 3 . 4 1 6 
0 . 1 5 0 5 1 7 
3 6 9 * 
1 6 . 1 3 6 
0 . 1 2 1 6 0 8 
1 4 9 4 
1 0 . 3 9 1 
0 . 0 8 6 2 0 9 
5 3 0 0 
2 2 . 6 6 1 
0 . 2 8 3 9 4 4 
6 2 5 
2 0 . 7 1 7 
0 . 1 1 5 7 4 1 
8 9 7 
1 3 . 2 9 5 
0 . 0 4 5 4 2 6 
3 5 4 
1 0 . 7 « 6 
0 . 1 2 3 3 4 5 
1 4 3 9 1 
1 J . 3 2 1 
0 . 1 * 7 0 4 9 
1 6 3 * 
1 3 . 0 4 4 
0 . 0 4 6 0 0 4 
4 0 1 2 
1 6 . 7 0 5 
0 . 1 * 0 4 0 8 
1 8 7 4 
2 0 . 4 4 7 
0 . 1 u 9 0 I 7 
8 0 7 
2 2 . 5 9 4 
0 . 0 9 3 8 3 7 
1 7 8 2 
I d . 4 7 1 
6 0 4 
5 . 0 6 5 
0 . 0 5 6 8 2 0 
1 5 * 6 
6 . 6 5 4 
0 . 0 5 1 7 3 2 
6 1 6 
4 . 2 6 4 
0 . 0 3 4 5 4 3 
1 5 4 1 
6 . 3 4 9 
0 . 0 7 9 5 5 6 
2 0 6 
6 . 6 4 2 
0 . 0 3 6 1 4 8 
4 4 7 
6 . 6 * 3 
0 . 0 4 7 5 5 3 
1 6 7 
5 . 7 0 3 
0 . 0 6 5 1 3 7 
' , 0 * 4 
6 . 4 3 5 
0 . 0 5 7 6 4 2 
8 * 1 
6 . 5 4 6 
0 . 0 4 8 1 * 1 
1 2 7 6 
5 . 3 1 3 
0 . 0 3 6 2 4 5 
4 6 7 
5 . 2 2 5 
0 . 0 2 7 1 6 7 
3 1 4 
6 . 7 6 6 
0 . 0 3 6 5 1 2 
5 3 2 
5 . 6 4 9 
2 8 0 
2 . 3 4 8 
0 . 0 2 6 3 4 ) 
9 2 1 
2 . 2 7 7 
0 , 0 1 7 1 8 9 
3 9 4 
2 . 7 4 0 
0 . 0 2 2 / 3 5 
1 0 8 8 
4.483 
0 . 0 5 6 1 6 9 
5 4 
1 . 7 9 3 
0 . 0 1 0 0 0 0 
2 6 4 
3 . 9 1 3 
0 . 0 ? 8 0 8 5 
9 5 
2 . 6 9 7 
0 . 0 3 3 1 0 1 
3 3 6 3 
3 . 3 7 7 
0 . 0 2 9 * 9 4 
4 0 0 
3 . 1 * 9 
0 . 0 2 3 4 7 4 
7 7 9 
3 . 2 4 * 
0 . 0 2 3 3 7 9 
9 3 5 
5 . 9 8 6 
0 . 0 3 1 1 2 3 
) 9 0 
5 . 3 1 8 
0 . 0 2 2 0 9 3 
3 2 7 
5 . 5 9 6 
1 2 7 3 
1 0 . 6 7 4 
0 . 1 1 9 7 5 5 
T O T A L 
1 1 9 2 6 
1 0 0 , 0 0 0 
1 . 1 2 1 * 1 9 
1 0 6 3 
3 1 3 6 2 2 6 7 7 
1 3 . 7 0 6 1 0 0 . 0 0 0 
0 . 1 0 3 4 6 4 0 , 7 5 4 7 4 7 
1 3 9 3 1 4 3 7 4 
9 . 6 8 6 1 0 0 . 0 0 0 
0 . 0 8 0 3 6 1 0 , 6 2 9 6 4 0 
4 0 4 1 7 4 2 7 1 
1 6 . 6 4 9 1 0 0 , 0 9 0 
0 . 2 0 6 6 2 2 l . ? 5 3 0 ? 0 
4 6 7 3 0 ) 1 
1 5 . 5 1 0 1 0 0 . 0 0 0 
0 . 0 8 6 4 8 1 0 . 5 5 7 5 9 3 
9 0 3 6 7 4 7 
1 3 , 4 1 3 1 0 0 . 0 0 0 
0 . 0 9 6 2 7 7 0 , 7 1 / 7 6 4 
4 6 8 
1 4 . 2 7 3 
0 . 1 6 3 0 6 6 
1 1 0 5 9 
1 1 . 7 6 4 
0 . 0 9 6 3 3 3 
1 ? 0 7 
9 . 6 2 4 
0 . 0 7 0 6 3 3 
2 6 3 4 
1 1 . 6 0 0 
0 . 0 6 5 0 5 4 
1 4 7 5 
1 6 . 5 0 3 
0 . 0 8 5 6 0 6 
6 7 0 
1 6 . 7 5 2 
0 . 0 7 7 9 0 7 
1 5 4 8 
1 6 . 9 6 8 
3 ? / 9 
100 .000 
1 . 1 4 2 5 0 9 
9 4 0 9 4 
100 .000 
0 . 11 8641 
1 2 5 4 ? 
1 0 0 . 0 0 0 
0 . 7 3 6 0 1 1 
? 4 0 , 7 
1 0 0 . 0 9 0 
9 . 7 2 0 / 9 4 
8 9 3 * 
1 0 0 . 0 0 0 
0 , 5 1 9 9 4 3 
3 5 7 3 
100.000 
0 . 4 1 5 4 6 4 
9 4 1 8 
100 .000 
C t N T S / 4 4 8 0 . 2 5 3 6 9 5 0 . 0 1 1 7 * 0 0 . 0 4 5 0 9 1 0 . 0 2 8 3 * 8 0 . 0 2 8 1 2 2 0 . 0 8 3 2 / 2 0 . 5 0 2 5 4 1 
A M U U N I 
I Or TOTAL 
C L N T S / 4 W H 
A M U U N l 
t UF TUTAL 
C t N T S / < W H 
A M J U N T 
1 ur I U T A L 
C t N T S / 4 i H 
AMUuNI 
a ur U T A L 
C L N T S / 4 4 H 
AMOUNI 
» OF U T A L 
C t N T S / 4 " M 
AMOUNT 
t Or T U T A L 
C t N T S / H H 
AMOUNT 
» Or T O T A L 
C L N T S / 4 N H 
AMOONT 
1 or U T A L 
C f c N T S / 4 * H 
AMOUNT 
t Ur T j T A L 
C L N T S / 4 H H 
amount 
t ur U T A L 
CtNTS /4 iH 
s ur total 
C t N T S ' K r f * 
5 1 1 4 
3 9 . 3 5 4 
0 . 3 4 4 O 4 3 
/ 7 7 4 
6 1 . 8 4 5 
0 . / ? 2 4 4 l 
7 3 3 8 
5 9 . 9 6 1 
0 . 5 0 2 6 0 3 
1 9 6 4 6 
5 / , 9 0 7 
0 . 2 9 1 4 8 4 
2 3 2 1 3 
6 6 . 5 0 3 
0 . 4 6 / 3 4 4 
1 4 6 9 9 
5 6 . 4 1 7 
0 . 3 1 1 * 1 6 
? 4 6 « 
3 4 . 4 4 3 
0 . 1 9 1 9 1 3 
6 5 6 1 
3 9 . 9 3 3 
0 . 1 1 6 9 0 7 
4 6 t 
4 6 . 7 4 0 
0 . 5 4 * * 3 3 
4 9 6 2 
4 1 . 2 * 6 
0 , 2 ? 9 0 8 6 
5 7 , 4 * 1 
0 . 4 0 5 * 4 8 
2 4 4 
2 . 4 0 3 
0 . 0 * 5 9 5 7 
3 . 1 8 5 
0 . 0 3 / 1 / 5 
386 
3 . 1 5 4 
0 . 0 2 4 4 3 6 
1 5 5 2 
4 . 5 7 5 
0 . 0 * 3 0 2 / 
? 5 4 
0 . 7 4 2 
0 . 0 0 5 7 1 * 
6 1 6 
* . 3 6 4 
0 . 0 1 3 0 6 / 
4 3 
0 . 6 0 1 
J . 0 0 1 3 4 4 
1 3 3 
2 . 0 2 1 
0 . 0 0 9 4 5 6 
1 3 
I.3O4 
0 . 0 1 5 7 9 4 
784 
6 . 5 1 * 
0 . Q 3 4 1 9 6 
2 . 5 9 7 
0 . 0 1 8 3 3 1 
2 1 3 4 
2 1 . 5 0 7 
0 . 2 3 2 3 4 0 
2 4 8 7 
1 4 , 6 0 1 
0 . * 3 1 I J4 
16 J4 
1 5 . 0 1 9 
0 . 1 * 5 8 9 0 
5 6 9 4 
1 0 , 7 4 9 
0 . 0 * 4 5 1 0 
5 5 0 0 
1 5 . 7 5 7 
0 « 1 1 0 7 3 l 
4 * 4 7 
1 8 . 5 0 4 
0 . 1 0 2 * 2 1 
1 / 3 3 
2 * . 2 2 1 
0 . 1 3 * 7 5 9 
3 * 5 5 
2 2 . 1 9 7 
0 . 1 0 3 8 9 1 
1 1 6 
l l . * 3 5 
0 . 1 3 6 4 7 ) 
2 1 2 9 
1 7 , 6 * 9 
9 . 0 9 8 2 9 2 
8 3 0 
6 . 1 7 3 
0 . 0 8 8 * 9 8 
7 3 0 
5 . 4 7 1 
0 . 0 6 9 / 0 3 
7 8 6 
6 . 4 * 3 
0 . 0 5 3 8 3 6 
1 4 4 5 
* . « 0 7 
0 . 0 2 2 1 * 1 
2 1 * 5 
6 . 2 6 8 
0 . 0 * 4 1 9 2 
1 9 3 0 
7 . 4 0 6 
0 . 0 * 0 9 4 * 
6 * 9 
9 . 6 3 0 
0 . 0 5 3 5 7 7 
1 2 7 * 
7 . 7 3 1 
0 . 0 3 6 1 * 3 
1 3 * 
1 3 . 9 * 2 
0 . 1 6 3 5 2 9 
1 0 3 * 
• . 3 4 1 
0 . 0 * 7 7 3 8 
4 5 6 
4 , 4 9 0 
0 , 0 4 8 5 ] ) 
3 ) 4 
2 . 3 4 0 
0 . 0 2 9 6 4 7 
2 ) 6 
1 . 7 6 5 
0 . 0 1 * 7 9 5 
1 9 ) 1 
5.633 
0 . 0 2 8 3 5 3 
1 3 2 9 
3 . » 0 7 
0 - 0 2 6 / 5 7 
9 / 4 
3 . 7 3 8 
0 , 0 2 0 6 6 ? 
4 9 ) 
6 . 8 6 2 
0 , 0 3 8 1 6 0 
5 9 5 
3 . 6 1 0 
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1 0 0 . 0 0 0 
1 , 1 6 / 2 1 6 
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7 1 5 5 
1 0 0 . 0 0 0 
0 . 5 5 6 3 7 6 
1 6 4 4 0 
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100,000 
1 . 1 7 2 9 4 1 
1 2 0 3 6 
1 0 0 . 0 0 0 
0 . 5 5 5 6 7 9 
T O T A L 
C O - T N 
1 3 1 
2 3 1 
1719 1131 
1251 
1 8 / 4 1 3 5 1 
1 0 / 6 
2 2 5 1 
1 0 0 . 0 0 0 
0 . 7 0 5 7 5 2 
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APPENDIX C 
PLANT INVESTMENT FOR TWENTY-THREE SELECTED 
COMPANIES, 1951-63 
Plant investment data are available for electric utility 
companies in Federal Power Commission publications. This data for 
the 23 selected companies was recorded on punched cards. An Algol 
program enabled this data to be presented as a per cent of the total 
for each area of investment. The output is presented on the following 
pages for each year. 
In the column titled "CO-YR," the last two digits are the 
year and the preceding digit(s) is the number assigned each company in 
Appendix A, The amounts are expressed in thousands of dollars. 
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7 3 6 3 
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3 0 . 5 4 9 
9 7 8 0 1 
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2 2 6 2 
? 3 6 2 
149 
AMOUNT 
i ur IUTAL 
AMUUNI 
t Ur TUTAL 
A M U U N I 
S ur TjTal 
AMJUNI 
t ur ijtal 
AMUUNT 
t Ur I J T A L 
AMUUNT 
t ur UTAL 
A M U U N l 
I UF I U T A i . 
A M U U N l 
I ur I J T A L 
amuunt 
t ur IJTAL 
A M J U N l 
* jr iutAl 
A M U U N l 
* Ur T U T A L 
A M J U N T 
t ur I J T A L 
AMUUNT 
t ur UTAL 
AMUUNI 
i ur utal 
AMJJNI 
» Jr UTAL 
A"UjNr 
t ur UTAL 
amujn r 
* ur UTAL 
AMUUNT 
» jr UTAL 
A M J J N T 
t ur UTAL 
AMJUNT 
t Jr Utal 
AMUUNI 
t Ur UTAl 
AMUUNT 
t ur UTAL 
AMOUNT 
t Ur T U T A L 
SUMMARY 
A Jr UTAL 
I NT AN 
3 3 3 
0 . 1 9 3 
0 . ( 1 1 6 
1 1 
0 . 0 0 3 
3 M 
0 . 0 6 0 
s 








0 . 0 2 9 
2 2 6 
0 . 0 * 3 
5 2 
0 . 0 2 1 
3 1 
0 . 0 3 1 
3 * 




0 . 0 2 3 
, 8 3 
o.o7o 
3 
0 . 0 0 1 
1 0 f 
0 . 0 2 0 
2M 
0 . 0 7 * 
0 . 0 0 0 
12 
0 . 0 0 6 
1 1 2 
0 . 0 3 3 
I N T A N 
0 . 0 2 6 
* * 1 » 1 
3 * . 3 3 * 
l 6 2 » / 9 
3 0 . 9 3 2 
1 * 0 2 3 9 
3 9 . 3 * 3 
2 1 J 0 * 6 
3 * . 0 2 h 
* 6 6 * * 
4 3 . 7 U 7 
8 „ 3 4 7 
«6.J 30 
3 0 5 * 5 
3 ' . 0 3 5 
/ 9 / 3 < « 8 
* u . - « 3 0 
1 1 * 0 * 7 
3 1 , 1 8 , 1 
* O u » 3 6 
9 0 . 0 3 0 
6 6 1 0 3 
3 3 . 1 * 5 
3 d - 6 3 
3 0 . 7 3 0 
6 1 2 5 1 
3 6 , 2 ^ 0 
' 7 9 1 2 
* 1 . 3 9 6 
' 9 0 0 , 
3 * . 3 ' 2 
1 0 7 9 4 7 
40 .a25 
3 * S 2 4 ( i 




4 1 . « ' 6 




6 0 ? 3 i 
J O . si 66 
1 3 3 8 ' 1 




1 0 7 1 2 
6 . I S O 
4 9 7 7 5 
1 0 . 3 9 1 
6 3 9 3 0 
2 0 . 1 9 0 
9 6 3 * 7 
1 J . 6 0 7 
2 3 3 7 8 
2 0 . 7 6 3 
2 6 3 1 5 
1 4 . 0 * 9 
1 6 2 9 
2 . 4 1 1 
2 9 6 9 1 3 
1 4 . 4 7 6 
2 3 1 1 5 
1 0 . 3 7 5 
1 3 3 9 8 0 
2 6 . 0 6 6 
3 3 5 * 1 
1 3 . 6 7 0 
2 2 8 6 3 
2 2 . 8 * 1 
2 6 2 0 8 
1 4 . ' 0 3 
3 0 8 9 9 
1 4 . 4 3 8 
4 0 1 7 9 
1 7 . 4 6 3 
4 * U * 1 
1 6 . 3 3 4 
1 4 * 1 1 1 
2 1 . 9 1 ? 
39*01 
7 . 4 B * 
3 3 1 6 0 
8 . 9 9 5 
? 4 3 9 « 
9 . 9 1 7 
6 7 3 6 ? 
1 3 . 2 9 0 
3 3 3 7 5 
1 9 . 1 8 7 
5 * 5 5 8 




6 2 3 5 1 
3 6 . 0 8 6 
2 3 ) 8 7 
7 . 4 8 8 
1 8 6 7 8 
3 . 7 7 4 
9 1 3 6 6 
7 . 1 9 9 
3 9 7 4 0 
1 . 7 * 3 
6 9 3 2 0 
* , 8 9 7 
2 * 8 5 2 
6 . 8 0 5 
8 3 6 * 9 6 
2 . 2 0 5 
7 7 5 9 2 
» , 9 0 9 
3 2 9 5 6 
9 . 3 2 0 
1 3 3 8 2 
6 . 7 9 1 
3 5 8 9 2 
3 , 8 6 2 
73*88 
3 . 5 1 6 
7 0 9 7 8 
7 . 7 6 0 
9 9 0 8 7 
3 . 0 6 7 
9 8 7 3 1 
7 . 1 1 1 
3 1 3 0 3 
2 3 . 3 3 0 
2 1 2 9 3 ? 
4 0 . 4 * 3 
1 5 9 3 6 3 
4 3 , 2 2 9 
8 9 3 8 0 
3 6 . 3 3 7 
1 9 0 * 9 2 
3 7 . 5 9 3 
9 2 3 3 2 
4 7 . 4 8 0 
1 2 3 3 8 3 
3 6 . 7 3 9 
OJST 
3 9 . 0 2 8 
S E N 
3 3 5 » 
3 . 2 0 7 
1 3 9 T 4 
2 . 9 7 3 
1 9 3 9 5 
4 . 7 0 8 
1 9 1 8 3 
3 . 1 0 7 
• 8 1 6 
«.2ri 
9 l 0 » 
4 . 8 6 6 
? « 7 3 
3 . 6 6 2 
6 1 0 8 1 
3 . 0 8 2 
9 0 3 5 
3 . 6 0 6 
2 3 5 8 3 
* . 5 2 l 
1 2 0 0 6 
4 . 8 9 3 
7 5 3 6 
2 . 5 3 6 
3 8 9 5 
3 . * 9 l 
8 2 8 2 
4 . 4 0 6 
1 1 6 7 * 
5 , 0 7 * 
1 9 3 3 8 
3,8«U 
2 6 8 8 * 
* . 1 4 9 
4 0 8 1 6 
7 . 7 5 * 
2 2 7 1 2 
6 , 0 2 3 
8 i 2 9 
3 . 3 0 3 
1 3 6 8 8 
2 . 7 0 1 
6 3 3 9 
3 . 3 6 2 
5 9 1 3 
1 . 7 6 1 
SEN 
3 , 9 4 3 
T 3 T A L 
1 7 3 3 3 9 
1 0 0 . 0 0 0 
4 6 9 9 8 6 
UO.OOO 
3 2 5 1 5 3 
1 0 0 . 0 0 0 
6 1 7 3 1 3 
1 0 0 . 0 0 0 
1 1 2 3 4 * 
1 0 0 . 3 0 0 
1 8 7 1 9 1 
100.000 
6 7 5 2 3 
UO.OOO 
1 9 8 1 9 9 3 
1 0 0 . 0 0 0 
2 2 2 7 9 4 
1 0 0 . 0 0 0 
5 2 1 6 4 3 
1 0 0 , 0 0 0 
2 4 5 3 6 * 
1 0 0 . 0 0 0 
1 0 0 0 9 3 
1 0 0 . 0 0 0 
1 6 8 8 7 6 
l U O . 0 0 0 
1 9 7 9 7 1 
1 0 0 . 0 0 0 
2 3 0 0 7 4 
1 0 0 , 0 0 0 
2 6 6 0 4 ? 
1 0 0 , 0 0 0 
648547 
1 0 0 . 0 0 0 
5 2 6 4 9 5 
1 0 0 . 0 0 0 
3 6 9 6 4 5 
1 0 0 , 0 0 0 
2*9977 
1 0 0 . 0 0 0 
9 0 6 8 3 3 
1 0 0 , 0 0 0 
1 9 * 9 0 9 
1 0 0 , 0 0 0 
3 3 5 8 3 7 
1 0 0 . 0 0 0 
TUTAL 
l O O , 0 0 0 
C O - * * 
1 6 1 
2 6 1 
3 6 1 
4 6 1 
5 6 1 
6 6 1 
7 6 1 
8 6 1 
9 5 1 
1 0 6 1 
1 1 6 1 
1 2 6 1 
1 3 6 1 
1 4 6 1 
1 5 6 1 
1 4 6 1 
1 7 4 1 
1 8 6 1 
1 9 4 1 
? t > 6 l 
7 1 6 1 
2 2 6 1 
2 3 6 1 
150 
I V 1 A H PRO' ) tmahs OT ST air* total 
A M U U N I 
1 Ur I U T A L 
3 2 0 
0 . ? 3 9 
6 o l 0 n 
5 0 . 9 3 9 
7 1 3 2 
5> 3 3 4 
3 3 5 1 8 
40 . 0 2 7 
4 6 2 6 
3 . 4 6 1 
1 3 3 7 0 6 
100.000 
1 6 0 
A M U U N l 
1 Up I U T A L 
rt 1 6 1 4 0 9 
40.43/ 
4 7 0 6 0 
1 0 . 4 / 6 
2 0 7 2 5 8 
4 6 . 1 2 0 
1 3 1 6 7 
2 . 9 3 0 
4 4 9 3 9 0 
1 0 0 . 0 0 0 
2 6 0 
A M U U N l 
i ur iutal 
1 1 
0.004 
1 1 3 4 3 1 
3 0 . 4 7 1 
4 B 4 9 3 
20.14? 
1 0 6 3 2 9 
3 6 . 3 0 3 
1 3 7 0 7 
4 . 6 6 0 
2 9 2 8 9 3 
1 0 0 , 0 0 0 
3 6 0 
AMUUN t 
i ur iui'al 
3 7 1 
0 . 0 6 6 
1 6 3 0 3 4 
3 3 . 2 0 3 
4 4 / 0 8 
15 . 8 4 3 
2 6 8 3 8 3 
4 7 . 9 0 4 
1 4 3 6 3 
3 . ? 5 4 
5 6 4 9 4 6 
1 0 0 . 0 0 0 
4 6 0 
A M U U N l 
I ur I J T A L 
a 
0 . 0 0 6 
3760 1 
3 4 . 1 0 ? 
2 0 6 4 1 
71.431 
3 2 9 8 2 
3 4 , 2 4 4 
5 0 2 3 
3 . 2 1 5 
9 6 3 1 5 
1 0 0 . 0 0 0 
5 6 0 
A"UuNT 
t Ur I U T A L 
7 0 
0.03* 
B 5 3 4 6 
4 B . l ' l 
2 4 1 0 8 
I 3 . * 3 3 
9 * 3 7 4 
3 3 . 4 ° 5 
9 2 6 2 
4 . 6 6 1 
1 7 7 2 7 5 
1 0 0 . 0 0 0 
6 6 0 
A M U U N l 
t ur ijtal 
A 5 
0 . 0 8 2 
* 4 l 3 6 
9 * , 7 4 ? 
4 6 1 
0 . 8 7 1 
2 3 1 4 5 
4 1 . 9 3 4 
2 3*4 
4 . 3 1 4 
5 5 1 9 4 
1 0 0 . 0 0 0 
7 6 0 
AMUUN1 
* Ur t U T A L 
1 45 
0 . 0 0 B 
7 3 0 4 7 V 
3 4 . 7 * 4 
3 / 3 3 * 9 
14 . 3 7 4 
8 0 2 7 4 6 
4 2 , 4 9 1 
6 0 5 1 8 
3 . 7 0 3 
1 8 4 9 2 1 7 
100 . 000 
8 6 0 
A M U U N l 
( Ur UTAL 
6 3 
0.032 
4 V 7 1 2 
44.038 
2 * 3 7 9 
11.006 
7 3 3 7 6 
3 6 . 0 6 1 
7 6 5 6 
3 , 6 6 4 
2 0 3 3 3 8 
1 0 0 . 0 0 0 
9 6 0 
A M J j N I 
t ur 1UTA>. 
2 2 6 
0,046 
1 4 3 6 4 6 
3 4 . 4 9 3 
1 * 6 4 0 3 
25.464 
1 4 7 3 8 9 
30,044 
2 ? ? 8 7 
4 . 5 4 3 
4 9 0 5 9 1 
1 0 0 . 0 0 0 
1 0 6 0 
A M U U N l 







1 0 5 8 3 6 
5 1 . 4 5 2 
1 0 2 6 4 
4 . 9 9 2 
2 0 5 6 9 9 
1 0 0 . 0 0 0 
1 1 6 0 
AMUUNT 
* ur TUTAL 
3 1 
0 . 0 J 2 
3 8 7 2 ? 
4 0 . 1 3 / 
2 1 4 6 / 
22.7/0 
3 3 7 4 2 
3 4 . 4 5 7 
2 5 1 3 
2 . 6 0 5 
9 6 4 7 5 
1 0 0 . 0 0 0 
1 2 6 0 
AMUuNT 
t ur tutal 
34 
0.021 
6 1 2 3 8 
37 . 6 * 0 
2 6 4 o 3 
1 6 . 3 6 4 
6 9 1 5 0 
« 2 . 4 8 l 
5 3 9 5 
3 . 3 1 « 
1 6 2 7 8 0 
1 0 0 . 0 0 0 
1 3 6 0 
AMUUN T 
i ur tutal 
0 
o.ooo 
7 6 4 4 5 
4*.07a 
? 4 9 * 2 
15.438 
6 7 7 4 0 
36 . 9 8 4 
4 1 5 3 
4 . 4 8 4 
1 8 1 8 1 0 
100.000 
1 4 6 0 
A M U U N l 




3 6 . 5 0 5 
3 3 4 7 3 
15.630 
9 1 3 8 5 
4 2 . 7 2 7 
1 0 8 9 1 
5 . 0 9 2 
213 8 4 3 
100.000 
1 5 6 0 
AMUUNT 
t Ur T U T A L 
1 8 3 
0 . 0 7 1 
IO/3O* 
4 1 , 2 8 V 
4 4 0 1 5 
16 . 4 2 3 
9 3 6 0 9 
3 5 , 9 9 1 
1 4 4 9 4 
5 . 7 2 6 
2 6 0 0 9 2 
100.000 
1 6 6 0 
AMUUNT 
i ur tutal 
5 
0 . 0 0 1 
3 * 4 5 3 0 
3 1.574 
1 3 6 2 * 3 
2 1 . 4 6 5 
1 4 0 9 6 9 
22 . 4 0 1 
2 5 5 3 4 
4 . 0 5 6 
6 2 9 2 4 6 
100.000 
1 7 6 0 
AMUUNT 
t ur 'utal 
1 0 7 
0 . 0 2 1 
* 3 1 5 7 0 
44.940 
3 4 5 4 4 
7 . 6 6 5 
7 0 5 2 9 3 
3 9 . 7 8 9 
3 9 1 3 4 
7 . 5 8 5 
5 1 5 9 4 0 
100.000 
1 8 6 0 
A M J U N I 
t ur IJTAL 
2 7 3 
0 . 0 7 6 
13314/ 
4 * . 9 l l 
3 1 6 4 7 
9 . 4 3 7 
1 5 1 4 4 / 
4 2 . 4 3 4 
2 0 1 3 4 
3 . 6 4 1 
3 5 6 8 9 4 
100.000 
1 9 6 0 
AMUUN1 
i ur utal 
0 
0 . 0 0 0 
1 0 9 5 6 6 
3 0 . 2 7 f t 
2 1 6 6 6 
4 . 9 4 2 
7 7 8 7 2 
3 5 . 7 3 3 
4 8 2 6 
4 . 0 5 0 
2 1 7 9 1 0 
100.000 
2 0 6 0 
AMUUN1 
t ur Tutal 
0 
o.ooo 
* 1 1 8 0 3 
43.034 
6 5 2 0 5 
13 . 6 8 7 
1 7 9 9 0 1 
3 8 . 7 6 8 
1 3 1 1 7 
2 . 7 9 0 
4 7 0 1 0 7 
100.000 
2 1 6 0 
amjunT 
t ur tutal 
1 2 
0 . 0 0 6 
6 0 1 74 
3*.134 
3 3 5 3 1 
1 7 . 9 1 / 
6 / 0 2 3 
4 6 . 5 0 1 
6 4 0 3 
3 . 4 2 1 
1 8 7 1 4 3 
100.000 
7 2 6 0 
A M U U N I 
t ur I J T A L 
I 12 
0 . 0 3 5 
1 3 4 4 7-1 
47.677 
4 7 8 6 4 
1 4 . 7 7 ? 
1 1 6 0 6 4 
3 3 . 8 2 3 
5 4 8 8 
1 . 6 9 4 
3 2 4 0 1 1 
100,000 
• 7 3 6 0 
S U N M A R T 
t ur tutal 
I *r«N 
0 . 0 2 7 
c a J n 
41. 77 j 
MANS 


























































d f »L 
• J T A L 
UTAL 
UTAL 








U l AL 
JTAL 




0 , 0 0 « 
3 7 1 
0 . 0 7 4 
7 0 
0 . 0 4 7 
0 . 0 0 4 
1 4 5 
0.000 
0 . 0 3 3 
726 
0 . 0 5 0 
5 2 
0 . 0 2 7 
3 0 
0 . 0 3 6 
0 T AL 0.I>2I 
UTAL O . O O O 
5 4 
0 . 0 * 7 
1 6 5 
0 . 0 7 3 
0 . 0 0 1 
1 0 7 
0 . 0 * 3 
2/3 
0 . 0 7 9 
d T AL 0 . 0 0 0 
1 1 
0 . 0 0 7 
ART 
UTAL 
1 1 2 
0.039 
i " T A N 
0 . 0 2 9 
PRUQ 
6 7 9 6 1 
5 2 . 4 0 9 
1 3 9 7 3 0 
3 9 . 2 3 9 
1 1 3 9 6 ? 
4 1 . 2 U » 
1 6 * ? 5 7 
3*.?3) 
J / 1 3 7 
40.50 3 
6 6 2 9 0 
4 4 . 4 9 5 
* 9 } 4 ? 
34 . 1 * 5 
7 1 0 4 0 0 
3 4 . 7 3 3 
4 9 3 3 9 
3 0 , 1 1 0 
100?/O 
i'.13? 
3 4 3 4 0 
3 0 . 4 3 5 
2 9 3 1 5 
3 3 . 4 0 3 
6 J 2 4 0 
3 6 . 5 1 0 
7 5 5 7 6 
44 . 7 3 0 
39.544 
1 0 7 9 1 4 
4 * . 4 5 6 
2 6 1 1 * 2 
47.343 
2 0 6 6 2 1 
43 . 4 2 0 
13403-1 
4 4 , 2 0 2 
1 0 0 9 3 2 
3 2 . 0 6 H 
1 7 0 0 1 6 
4 3 . 0 5 / 
3 0 0 4 3 
3 0 . 3 3 9 
1 * 0 ? 7 1 
4 5 . 1 4 } 
PRO3 
4 1 . ( 4 9 
TKANS 
5/65 
4 . 4 3 9 
4 4 2 0 1 
1 0 . 8 4 4 
5 5 0 0 5 
1 9 . 4 1 8 
8 0 2 5 7 
1 5 . 4 3 3 
1 9 2 1 9 
2 3 . 9 6 1 
2 1 6 6 3 
1 4 . 3 4 2 
4 0 0 
0 . 8 4 1 
2 6 * 3 1 6 
1 4 . 3 6 0 
2 * 2 6 1 
1 1 . 2 3 t 
1 2 U 7 5 
? 7 , 0 6 0 
2 7 9 / 0 
1 4 . 4 * 6 
2 0 0 2 4 
2 5 . 1 4 4 
2 0 1 0 / 
1 6 . 4 i / 
2 5 2 4 0 
1 4 . 4 3 4 
3 1 3 3 4 
1 5 . 3 1 4 
4 3 4 0 1 
1 7 . 0 7 5 
1 3 3 0 4 4 
2 4 . 2 3 0 
3 0 0 5 9 
4 . 0 3 6 
3 1 3 1 6 
9 . 4 4 9 
1 4 4 4 2 
9 . 2 9 1 
5 0 0 1 5 
1 3 . 4 6 9 
3 0 1 6 2 
1 0 . 0 7 5 
4 3 1 3 9 
1 5 . 1 9 9 
T*ANS 
L'.346 
0 1 ST 
3 0 8 6 4 
3 9 . 3 3 8 
1 9 0 3 1 7 
4 6 . 9 2 2 
9 5 4 5 7 
3 4 . 5 1 5 
2 4 3 4 1 3 
4 8 . 3 8 5 
3 0 4 3 0 
3 3 . 1 8 8 
3 3 7 2 6 
3 5 . 7 2 7 
2 1 8 3 4 
4 0 . 3 0 1 
7 6 4 5 1 3 
4 2 . 4 0 1 
6 U / 8 0 
3 4 . / O l 
1 4 0 4 1 6 
3 1 . 4 4 7 
4 0 5 8 8 
4 4 , 8 2 3 
3 0 5 4 0 
3 0 . 8 9 0 
6 6 4 7 8 
4 1 . 8 0 4 
6 1 4 1 4 
3 6 . 3 4 8 
8 * 1 4 3 
4 0 , 6 4 9 
0 0 0 8 0 
3 4 . 6 4 5 
1 3 3 3 4 2 
2 4 . 1 7 0 
1 4 3 5 5 4 
4 0 . 4 6 9 
1 4 4 1 5 7 
4 1 . 4 2 3 
7 2 4 8 4 
3 4 . 6 4 0 
1 6 3 6 1 0 
3 4 . 8 7 8 
0 0 9 7 5 
4 0 . 4 9 4 
1 0 7 3 5 9 
3 7 , 0 2 0 
O I S T 
3 4 . 4 1 1 
4 4 5 6 
3 . 4 4 7 
1 1 7 7 3 
2 . 9 0 3 
1 2 0 4 8 
4 . 3 5 6 
1 4 7 8 2 
3 . 3 3 6 
4 6 9 6 
3 . 3 4 0 
77*6 
3.1 86 
7 3 3 6 
4 . 3 3 4 
3 9 4 6 1 
3 . 7 9 6 
7 7 0 6 
3 , 9 1 6 
1 9 2 9 4 
4 . 3 1 U 
9 0 6 3 
3 . 0 8 8 
7 0 0 4 
2 . 5 2 3 
4 t 6 5 
3 , 2 4 8 
6 7 3 U 
3 . 9 8 3 
1 0 4 4 0 
3 , 7 0 5 
1 4 5 9 3 
3, 7 4 1 
2 3 4 4 3 
4 . 7 5 0 
3 4 2 5 4 
7 . 4 4 5 
1 6 2 3 1 
4 . 2 3 4 
8 3 7 3 
4 . 0 0 1 
1 2 8 5 0 
3 , 0 9 0 
5 1 1 7 
3 . 0 0 4 
4 9 4 0 
1 . 7 4 3 
BEN 
4 . 0 ) 5 
1 2 9 2 4 0 
1 0 0 . 0 0 0 
4 0 5 3 9 9 
1 0 0 . 0 0 0 
2 7 0 5 6 4 
1 0 0 , 0 0 0 
5 0 3 0 4 0 
1 0 0 , 0 0 0 
9 1 0 9 0 
1 0 0 , 0 0 0 
1 4 0 9 4 5 
1 0 0 . 0 0 0 
5 3 6 4 ? 
1 0 0 . 0 0 0 
1 8 0 3 0 3 5 
1 0 0 , 0 0 0 
1 9 8 2 1 0 
1 0 0 . 0 0 0 
4 4 7 7 9 4 
1 0 0 , 0 0 0 
1 9 3 4 4 3 
1 0 0 . 0 0 0 
0 2 8 0 4 
1 0 0 . 0 0 0 
1 5 4 0 3 4 
l O O , 0 0 0 
1 4 8 9 6 0 
1 0 0 , 0 0 0 
2 0 2 0 5 0 
1 0 0 , 0 0 0 
2 5 4 1 / 9 
1 0 0 , 0 0 0 
5 5 ) 5 5 4 
1 0 0 . 0 0 0 
473599 
1 0 0 , 0 0 0 
340013 
1 0 0 . 0 0 0 
2 0 9 2 4 1 
1 0 0 . 0 0 0 
4 1 5 3 0 5 
1 0 0 , 0 0 0 
1 6 6 9 7 8 
1 0 0 . 0 0 0 
2 8 3 8 2 7 
1 0 0 . 0 0 0 
T O T A L 
1 0 0 , 0 0 0 
CO-TR 
1 5 9 
2 5 * 
3 5 9 
4 5 9 
5 5 9 
6 5 9 
7 5 9 
8 5 9 
9 5 9 
1 0 5 9 
1 1 5 9 
1 2 5 9 
1 3 5 9 
t 4 5 9 
1 5 5 9 
1 6 5 9 
1 7 5 9 
1 8 5 9 
1 9 5 9 
2 0 5 9 
2 1 3 9 
? 2 5 9 
? 3 5 9 
152 
I N T A N PR JO T(<ANS O I S T 8 E N T J T A L C O - Y R 
AMUUNT 
I UR 'JTAL 
1 7 2 
0 . I 3 d 
» 7 B 8 5 
5 4 . 3 » 5 
4 9 6 5 
3 , 9 9 0 
4 7 3 6 2 
3 8 . 0 6 4 
4 7 8 4 
3 . 4 4 3 
1 2 4 4 2 6 
100,000 
1 5 8 
AMUUNT 
1 UR T U T A L 
7 3 
0.022 
1 * 2 T » T 
• » 8 . UA 
3 * 7 9 3 
9 . 6 4 3 
1 7 3 9 T * 
5 1 . 1 6 1 
1 0 4 2 6 
3 . 0 6 6 
3 4 0 0 5 7 
100,000 
2 3 8 
AMUUNT 
A JR UTAL 
1* 
0 . 0 0 5 
l J3OOA 
4 1 . 8 5 1 
5 1 4 9 2 
2 0 . 8 2 1 
8 2 2 8 2 
3 3 . 2 7 1 
1 0 5 1 6 
4 . 2 5 2 
2 4 7 3 0 8 
100.000 
3 5 8 
A M U U N I 
I UR IUTAI 
3 M 
0 . P 8 3 
1 4 3 0 1 8 
31 . 9 2 'I 
7 3 1 3 5 
1 6 . 2 7 8 
2 1 8 1 0 1 
48.532 
14 7 5 4 
3 . 2 6 3 
4 4 9 3 9 7 
100,000 
4 5 8 
A M J U N T 
( JR UTAL 
8 
0.011 
* 3 f J 4 
3 2 . 0 7 1 
1 8 1 0 5 
2 4 . 4 9 6 
2 7 3 4 3 
36.993 
4730 
6 . 4 2 7 
7 3 9 1 0 
1 0 0 . 0 0 0 
558 
A M J J N I 
* UR TJTAL 
7 0 
0 . 0 5 1 
» 3 8 » 1 
4 7 . 8 8 2 
1 9 7 1 9 
1 4 . 3 3 6 
4 4 3 6 9 
3 2 , 4 1 6 
7 3 1 0 
3 . 3 1 5 
1 3 7 5 4 8 
100.000 
6 3 9 
AMJJNI 





4 3 0 
3 . 8 2 3 
1 9 1 9 1 
3 6 , 7 5 2 
2 3 8 3 
4 . 3 7 6 




* JR UT«. 
4 9 4 
0.030 
6 * 6 0 3 9 
3 7 . 7 J 8 
2 4 7 4 9 0 
1 4 . 9 0 7 
7 * 6 2 9 6 
4 3 , 7 4 6 
5 9 9 1 7 
3 . 6 0 9 
1 6 6 0 2 2 6 
100.000 
9 5 8 
AMJJN1 
» UR UTAL 
6 5 
0 . 0 3 4 
99 ) 2 8 
5 1 . 5 4 9 
7 1 8 0 6 
1 1 . 3 * 0 
6 3 8 2 7 
3 3 , 1 9 1 
7 4 7 4 
3 . 9 8 7 
1 9 2 3 0 0 
100.000 
9 5 8 
A M J J N T 
I UR UTAL 
7 2 8 
0. 0 5 4 
1 3 1 2 4 0 
3 6 . 7 1 6 
1 1 4 Z 4 1 
2 7 . 3 5 4 
1 3 2 9 5 7 
3 1 . 9 3 a 
1 8 9 37 
4 . 5 3 3 
4 1 7 6 0 1 
100.000 
1 0 3 8 
A M J J N I 
* JR U T A L 
5 2 
0 . 0 2 8 
5 7 8 2 3 
3 1 . 6 7 9 
2 6 2 4 5 
1 4 . 3 7 9 
8 9 1 1 8 
4 8 . 4 2 5 
9 2 8 9 
5 . 0 8 9 
1 8 2 5 2 7 
100.000 
1 1 5 6 
A M J J N I 
t JR UTAL 
3 1 
0. 0 3 * 
* 9 ? 4 8 
3 7 . 1 5 4 
1 9 3 * 6 
2 4 . 3 5 2 
Z 8 1 U 
3 3 . 7 1 3 
1 9 9 7 
2 . 5 3 7 
7 8 7 1 3 
100.000 
1 2 5 8 
AMJUNT 
I UR U T A L 
3't 
0 . 0 * 6 
4 1 2 1 1 
3 1 . 1 * 0 
2 3 0 6 9 
1 7 . 4 1 7 
6 3 0 5 4 
4 7 . 4 0 7 
3 0 7 3 
3 . 4 3 0 
1 3 2 4 4 8 
100.000 
1 3 5 6 
A M U U N l 
f JR T J T A L 
0 
0.000 
7 3 6 0 8 
4 , . / a o 
2 4 3 0 2 
1 5 . 1 0 8 
5 6 4 9 5 
3 3 . 1 2 2 
6 4 5 0 
4 . 0 1 0 
1 6 0 9 5 5 
100.000 
1 4 5 8 
A M U j N I 
* UR UTAL 
5" 
0 . 0 2 8 40,903 
2 8 9 d 6 
1 5 . 2 7 3 
7 3 6 8 4 
3 8 . 9 3 1 
9 2 3 U 
4 . 8 6 4 
1 9 9 / 9 T 
100.000 
1 5 5 8 
A M J J N I 
T JR UTAL 
1 » 5 
0 . 0 7 9 
9 2 9 8 0 
3 9 . 9 3 9 
4 * 1 6 9 
1 9 . 1 1 3 
8 2 9 2 9 
3 3 . 6 2 2 
1 4 5 4 1 
6 . 2 4 6 
2 3 2 9 0 3 
UO.OOO 
1 6 5 8 
A M J J N I 
* JR U T A L 
5 
0 . 0 0 1 
2 3 J / 3 2 
4 3 . 4 9 1 
1 2 6 8 6 9 
24 . 6 9 2 
1 2 8 8 7 8 
2 3 . 0 9 4 
2 4 3 1 0 
4 . 7 3 1 
5 1 3 7 9 3 
100.000 
1 7 5 8 
A M U J N I 
1 UR UTAL 
1 0 7 
0 , 0 2 3 
* J 5 9 1 3 
4 4 . B 4 J 
3 7 0 3 5 
8 . 0 6 9 
1 8 1 8 0 9 
3 9 . 5 9 2 
3 4 3 2 1 
7 , 4 7 4 
4 5 9 2 0 5 
100.000 
1 8 3 6 
A M J U N T 
1 UR UTAL 
? 7 3 
0 . 0 9 6 
1 3 3 6 6 5 
4 2 . 2 04 
2 8 9 3 3 
9 . 1 3 4 
1 3 6 5 4 7 
4 3 . 1 0 8 
1 7 3 1 8 
3 . 4 6 / 
3 1 6 7 9 * 
1 0 0 .000 
1 » 5 8 
A M J J N I 
» UR U T A L 
0 
O.OOO 
9 * 4 7 6 
49 .3/1 
1 7 7 8 9 
9 . 4 9 7 
6 9 7 7 0 
3 6 . 7 1 5 
9 2 7 5 
4 . 4 1 8 
1 9 7 3 0 9 
100,000 
2 0 5 8 
A M J J N I 
t UR T J T A L 
0 
0.000 
1 3 9 8 6 1 
4 * .A04 
4 9 0 7 7 
1 3 . 0 9 6 
1 5 3 3 9 3 
4 0 . 9 3 2 
1 2 6 2 2 
3 . 3 6 8 
3 7 4 7 5 3 
100.000 
2 1 5 8 
A"JJN| 
I UR TJTAL 
12 
0 , 0 0 8 
4 | 7 a * 
* ' . 7 l 9 
2 8 3 9 ) 
1 9 . 9 7 , 
7 5 3 1 6 
4 9 . 9 4 6 
4 9 9 1 
3 . 3 1 2 
1 5 0 6 7 9 
1 0 0 , 0 0 0 
2 2 5 8 
A M U J N f 
« UR TUTAL 
1 1 * 
0 . 0 4 4 
U 9 0 1 7 
4 3 .2*4 
* J 9 7 l 
1 6 . 2 4 5 
9 7 5 4 7 
3 9 . 6 7 7 
4 5 6 5 
1 . 8 1 0 
2 5 2 2 1 2 
100.ONO 
2 3 5 8 
SUMMARY 
* UR TOTAL 
1,41 AN 
0 . 0 3 5 
PROD 
4 0 . 1 5 5 
T r t A r i S 
1 5 . 5 5 7 
0 I ST 
4 0 , 0 1 5 
REN 
4 . 2 3 9 
T O T A L 
100.000 
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A N U U " ! 
t ur U T A L 
I U f I Ll T * L. 
AMUUNI 
* Ur TJTAL 
AMUUNI 
i ur I U T A L 
AMUUNI 
I Ur UT*L 
A M U U N l 
* ur utal 
AMUUNI 
I Jr UTAl 
AMJJNI 
a jr tjial 
AMUJNT 
a jr tjtal 
A M J J NI 
I Jr UTAl 
A M J J N I 
« ur utal 
AMUUNI 
i ur utal 
AMJUN' 
t jr UTAL 
A M J J N I 
I Jr T J T A L 
A M J j N j 
* j r u r a l 
A M J J N T 
i jr u t a l 
AMJUNI 
* jr utal 
A M J J N I 
t ur utal 
AMUjnT 
t ur U T A L 
AMUUNT 
t ur T J T A L 
A M J J N T 
» Jr U T A L 
amujni 
i ur UTAL 
AMUUNT 
i ur T U T A L 
SUMMAR f 
I Ur T U T A L 
H T A N 
l 7 2 
0 . 1 4 3 
7 5 
0 . 0 2 3 
1 2 
o . n o o 
3 ' 1 
0.09V 
0 . 0 1 2 
TO 
0 . 0 7 3 
4 5 
0 . 1 1 9 
4 9 4 
0 . 0 3 2 
0 . 0 3 8 
2 2 8 
0 . 0 6 O 
3 2 
0 . 0 3 4 
0 . 0 4 2 
3 » 
0 . 0 2 7 
5 4 
0 . 0 3 3 
1 8 5 
0 . 0 8 7 
0 . 0 0 1 
1 0 7 
0 . 0 2 8 
? 7 3 
0 . 0 9 7 
0 . 0 0 0 
0 
0 . 0 0 0 
1 1 
0 . 0 0 8 
1 1 2 
0 . 0 4 V 
[NTAN 
0 . 0 3 V 
PROD 
» 8 8 4 ? 
30, ? 6 8 
1 * 2 7 1 8 
3 8 . 2 * 5 
0 0 * 4 2 
3 V . 5 V H 
1 1 V 3 U 
3 1 . 7 V * 
* 2 7 3 6 
3 3 . 9 3 1 
• > 3 3 7 2 
3 3 . 8 5 ? 
1 9 3 1 9 
3l .?VA 
3 6 0 8 2 6 
36.685 
8*39(1 
« 0 . A * 7 
1 * 3 5 7 « 
3 3 . 0 3 1 
3 8 9 1 5 
* 3 . 4 * ) 
2 9 0 6 7 
JV.373 
» 1 3 l 6 
3* . 76a 
3 9 79 J 
4*.731 
3 6 9 0 3 
J*.7 3 7 
9 0 * 3 * 
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307563 
1 0 0 , 0 0 0 
251689 
1 0 0 . 0 0 0 
113593 
1 0 0 . 0 0 0 
214355 
1 0 0 , 0 0 0 
100934 
1 0 0 . 0 0 0 
175454 
1 0 0 , 0 0 0 
TOTAL 


























I JF RJ TAL 
A * U j N | 
I J F UTAL 
A M J J N I 
t J F UTAL 
A M J J N ! 
A J F T J T » L 
A M J j N | 
t J F I J T A L 
AMJJNI 
% J F IJTAL 
AMJJNI 
* JR UTAL 
AMJJNT 
T JR TJTAL 
A M J J N T 
I JR UMI 
A M J J N I 
» J F 1 J U L 
A M J J N I 
A J F I J T A L 
A M J J N T 
t J F U T * L 
A M J J N T 
« JF IJTAL 
A M J J N T 
I J F U T A L 
A M J J N I 
% J F T J T A L 
A M J J N I 
* J F T J T A L 
A M J j NI 
A J F T J T A L 
A M J J N I 
t J F UTAL 
A M J J N T 
A JR UTAL 
AMJJNI 
I JF UTAL 
A M J J N I 
I J F UTAL 
AMJUNT 
I J F U T A L 
A M J J N T 
I JR T J T A L 
SUMMAUT 
t JR UTAL 
I N T AN 
0 
0 . 0 0 0 
7 6 
0 . O j o 
11! 
0 . 0 1 J 
.13 B 
0 . 1 5 * 
8 
0 . 0 1 6 
1 * 5 
0 . 0 1 3 
2 2 6 
0 . 0 8 6 
5 2 
0 . 0 5 6 
3 0 
0 , 0 6 0 
3 5 
0 . 0 3 5 







0 . 0 3 6 
2 6 7 0. 120 
0 . 0 0 0 
0 . 0 0 0 
1* 
0.01* 
1 1 2 
O . O T B 
I N TAN 
0 . 0 * * 
P R J D 
*R?3<» 
56,367 
' 8 3 * 9 36.7B3 
5 2 9 * 5 
«3.3O3 
' 5 ' 6 ! | 
J » . 5 B 6 
222*1 
* 3 . 8 * 7 
2 3 7 6 9 
* J . 2 9 l 
9O26 
* 3 . 2 9 2 
4 3 7 4 3 3 
J * . l ' 3 
U l * 6 
3*. 3 l ' 4 
6 3 9 * 9 
3 1 . 9 3 0 
2 5 8 3 5 
t< .681 
1 7 ? 3 3 
3 * . 6 2 9 
* 0 5 l 8 
* J . 2 * 0 
* 0 5 0 6 
4 4 . 9 1 6 
3 * * 3 3 
il.51* 
3 0 1 91 
* 1 . 6 2 l 
1 3 3 3 * 8 
* * . 1 J 3 
1 3 5 0 0 9 
*3 . 8 7 7 
»9*7 1 
4 U . 1 * 2 
* 3 8 3 3 *5, 379 
6 6 5 " 6 
3 6 . J 6 0 
* 1 8 3 8 
* * . 6 9 < ( 
6 1 2 7 1 
* * . 9 l 0 
P R J l ) 
3 9 . 9 8 1 
R x A N S 
1 4 8 * 
1 . 7 7 0 
1 3 7 3 6 
6 . 4 3 2 
2 6 6 8 9 
2 1 . 8 0 8 
2 3 2 2 5 
1 1 . 3 1 5 
1 1 0 0 6 
2 1 . 6 9 3 
9 * 6 3 
1 5 . 9 9 ? 
4 9 8 
2 . 3 9 9 
1 4 8 9 8 9 
1 3 . 3 * 2 
1 9 0 8 6 
1 4 . 2 3 9 
7 3 3 6 8 
2 9 . 6 6 6 
1 « 4 0 9 
1 3 . 4 * 3 
1 * 2 1 1 
2 4 . 5 3 7 
1 3 9 3 2 
1 5 . 7 3 6 
1 * 9 1 0 
1 4 . 1 7 3 
1 * 7 6 9 
1 3 . 9 1 2 
2 J / , ) 6 
1 7 . 2 3 7 
6 7 0 9 9 
3 2 , 2 0 7 
1 6 3 6 5 
5 . 5 6 1 
2 0 1 1 6 
9 , 0 6 6 
77J6 
9 , 0 2 9 
2 0 8 8 1 
1 1 . 3 8 5 
1 8 7 9 2 
2 1 . 2 3 0 
2 1 4 8 7 
1 5 . 0 4 8 
MANS 
1 4 . 2 5 2 
J I S ' 
3 1 6 3 9 
3 7 , 7 3 6 
1 1 2 8 9 5 
5 2 . 8 6 7 
3 7 6 1 5 
3 U . 7 3 6 
1 U 3 6 3 4 
4 9 , 5 9 1 
1 5 6 8 1 
30 . 91* 
2 2 3 5 4 
3 7 . 3 3 4 
1 0 3 3 2 
5 0 . 5 1 6 
4 8 0 6 3 7 
4 3 . 0 4 2 
4 0 6 3 8 
30 ,316 
8 9 6 0 0 
3 4 , 0 8 0 
4 9 9 8 9 
5 3 . 5 1 9 
1 8 7 2 5 
3 7 . 6 2 6 
4 1 8 2 1 
4 1 . 3 1 5 
3 3 8 7 5 
3 7 . 4 7 9 
3 7 ( 9 7 
4 J . 5 1 5 
4 2 9 1 9 
3 5 . 5 0 9 
8 6 9 3 7 
2 8 . 7 4 0 
1 1 4 7 0 5 
3 8 . 9 7 8 
9 9 0 9 6 
4 4 . 6 6 0 
3 9 1 9 9 
4 0 . 5 8 1 
9 7 ) 5 7 
4 ' . 5 l 9 
« * 3 8 B 
5 0 . 1 2 4 
5 6 9 2 1 
3 9 , 7 9 3 
J I S I 40,930 
3 4 6 0 
4 . 1 2 7 
8 2 9 0 
3 . 9 8 2 
5 0 7 0 
4 . 1 * 3 
9 1 0 0 
« . 1 5 * 
1 7 9 8 
3 . 5 2 5 
1 9 7 2 
3 . 1 4 3 
7 4 9 
3 , 3 9 8 
4 9 4 6 5 
4 . 4 3 0 
4132 
3.183 
1 3 7 7 2 
5 . 2 3 8 
3 1 0 1 
3 . 3 2 0 
1 5 6 7 
3 . 1 4 9 
3 7 1 4 
2 . 6 9 4 
3 1 9 2 
3 . 5 3 2 
7 3 4 6 
8 . 0 0 3 
8 6 1 0 
5 . 4 8 1 
1 4 6 6 3 
4 . 9 1 9 
2 4 0 9 8 
9.548 
1 2 9 * 2 
5 , 8 3 3 
9 8 0 6 
6 . 0 1 1 
4 8 7 2 
4 . 9 3 ' 
3 * 8 6 
3 . 9 3 8 
3 1 0 0 
2 . 1 7 1 
GEN 
4 . 7 9 3 
T 3 T * L 
8 3 8 4 1 
1 0 0 , 0 0 0 
2 1 3 3 * 6 
100,000 
1 2 2 3 8 1 
1 0 0 , 0 0 0 
2 1 9 0 8 1 
1 0 0 , 0 0 0 
5 0 7 2 4 
1 0 0 , 0 0 1 
5 9 5 7 5 
1 0 0 . 0 0 0 
2 0 8 * 9 
1 0 0 . 0 0 0 
1 1 1 6 6 6 6 
1 0 0 , 0 3 0 
1 3 4 0 * 7 
1 0 0 . 3 0 0 
2 6 2 9 1 3 
1 0 0 . 0 1 0 
9 3 * 0 5 
1 0 0 . 0 0 0 
« 9 7 8 6 
1 0 0 , 0 0 0 
1 0 0 7 * 0 
1 0 0 . 0 0 0 
9 0 3 9 3 
1 0 0 . 0 0 0 
9 1 7 8 6 
1 0 0 . 0 0 0 
1 2 0 5 9 1 
1 0 0 . 0 0 0 
3 0 2 1 3 1 
1 0 0 . 0 0 0 
2 9 * 2 9 * 
1 0 0 , 0 0 0 
2 2 1 9 9 2 
1 0 0 , 0 0 0 
9 6 5 9 * 
1 0 0 . 0 0 0 
1 9 3 * 1 5 
1 0 0 . 0 0 0 
8 8 5 1 6 
1 0 0 . 0 0 0 
1 * 2 7 9 1 
1 0 0 . 0 0 0 
T O T A L 100,010 
C 0 - y R 
1 5 3 
« 5 3 
5 5 3 
6 5 3 
7 5 3 
8 5 3 
9 3 3 
1 0 5 3 
1 1 5 3 
1 2 5 3 
1 3 5 3 
1 * 5 3 
1 5 5 3 
1 6 5 3 
1 7 5 3 
1 8 5 3 
1 9 5 3 
7 0 5 3 
2 1 5 3 




A M U U N 1 
1 U f U T A L 
AMUUNI 
T UR IUTAL 
AMUUN1 
T UR U T A L 
A M U U N l 
T UR UTAL 
A M U U N I 
T UR UTAL 
AMUUNI 
T UR UTAL 
AMOUNT 
( UR UTAL 
A M J U N I 
T UR UTAL 
A M U U N I 
T UR 1JIAL 
AMUUNI 
T UR TOTAL 
AMUUN I 
( OR 1 OT AL 
A M U U N l 
i UR UTAL 
A M U U N I 
T UR UTAL 
A M U U N I 
( UF UTAL 
A M U U N l 
A UR UTAL 
A*UUN[ 
* UR TOTAL 
AMJUNI 
I UR TOTAL 
A M U U N I 
I UR UTAL 
A M U U N l 
T UR UTAL 
A M U U N l 
t UT TO FAL 
AMOUNT 
» OR TOTAL 
AMUUN T 
* OR UTAL 
SUMMAHT 





0 . 0 3 7 
1 2 
0 . 0 1 3 
3 2 3 
0 .1/0 
7 0 




0 . 0 2 2 
6 5 
0.05V 
2 2 6 
O. I o y 
3 6 
0 . 0 4 4 
185 
0, 1 6 * 
I OR 
0.044 
2 6 7 
0. 1 2 6 
12 
0 . 0 1 3 
1 1 2 
0 . 0 8 7 
I N T A N 




7 8 9 6 3 
3 d . / 6 8 
3 4 R 6 3 
4 1 . 6 1 6 
6 8 0 * 4 
33, f 3 4 
8 0 3 6 
* 3 . 6 » 8 
1 4 1 2 9 
34 . 2 2 3 
6 9 0 4 
4 6 . 5 / 8 
2 4 3 6 4 0 
* 3 . * 3 5 
3 2 5 6 / 
4 6 . 1 1 2 
6 1 3 0 6 
2 4 . 6 7 9 
1 7 1 7 o 
**./3? 
1 2 3 6 1 
2 4 , 9 3 2 
* 1 1 14 
* 0 . 5 3 0 
3 1 1 1 0 
4 0 . 1 / 4 
2 3 0 7 0 
3 1 . 5 3 ? 
4 9 5 0 3 
43 . 4 1 ? 
1 0 5 0 7 4 
4 1 , 0 4 6 
4 8 6 4 0 
4U, 1 3 0 
6 8 6 3 1 
41.9/6 
3 3 8 3 4 
4 * . ? 3 1 
3 0 9 0 2 
3* .4*4 
2 2 2 0 0 
2 7 . 8 0 7 
0 0 9 3 / 
4 7 . 3 6 3 
L»RUO 
34.3/1 
T K A j S 
1 * 3 0 
l . * 4 5 
1 1 4 4 6 
5 . 6 2 0 
1 4 3 2 0 
20.1/0 
2 1 0 4 9 
l l . ° 0 3 
0 3 4 2 
2 1 . 0 2 8 
7 4 5 9 
1 6 . 3 1 9 
4 9 6 
2 . 6 0 2 
6*00/ 
9 . 2 5 0 
1 5 0 / 7 
1 4 . 3 3 1 
5 1 1 4 2 
2 4 . 7 3 0 
1 2 5 / 4 
1 6 . 6 4 7 
1 0 4 4 0 
?5 . 4 1 9 
1 2 5 6 4 
1 6 . 9 9 4 
1 2 1 4 1 
1 5 . 7 4 3 
1 2 1 0 6 
1 6 . 5 4 7 
1 0 1 3 0 
1 5 . 6 4 9 
9 0 1 7 7 
2 1 .445 
1 3 4 4 1 
5 . 4 0 5 
1 9 2 4 4 
9 . 1 1 4 
6 0 * 4 
7 . 5 2 T 
1 4 5 0 7 
1 2 . 4 5 7 
1 0 7 0 9 
2 1 . 0 9 0 
1 5 0 7 1 
1 2 . 1 7 6 
T H A ^ S 
12.944 
O I S T 
2 9 9 6 5 
« 0 . 2 0 8 
1 0 5 0 1 1 
5 1 . 9 9 6 
3 2 1 9 6 
3 3 . 6 1 2 
4 3 * 8 0 
* 9 . l O » 
1 3 3 2 * 
4 9 . 8 8 ? 
1 4 9 2 0 
4 0 . 9 4 5 
9 1 3 3 
4 7 . 3 5 1 
4 0 . / 5 * 
3/00* 
33.870 
0 0 3 9 7 
3 0 . 9 0 7 
4 2 0 9 0 
5 6 . 7 9 3 
1 0 9 0 4 
4 0 . 9 6 0 
3 8 0 1 7 
3 1 . 4 2 0 
3 1 2 1 4 
4 0 . 3 1 4 
3 3 4 0 3 
4 3 . 6 5 0 
3 4 9 5 1 
33.035 
6 0 5 4 0 
3 1 . 4 0 4 
1 0 0 5 5 1 
4 3 . 3 2 0 
4 1 2 9 / 
43 . 2 3 0 
3 4 8 2 4 
4 3 . 4 8 7 
7 0 2 9 1 
4 4 . 7 9 3 
3 7 4 0 7 
4 7 , 0 0 0 
4 4 2 5 8 
3 9 . 2 7 3 
O I S T 
42.169 
3 2 7 7 
4 . * 5 ' 
8 1 8 6 
4 . 0 1 9 
4 3 9 6 
4 . 5 8 9 
7 * 3 7 
3 . 9 0 / 
1 3 6 4 
* . 3 6 7 
1 6 9 2 
3 . 4 6 * 
6 2 6 
3 . 2 5 * 
4 1 1 2 2 
6 . 1 3 * 
3 7 4 3 
3 . 4 2 0 
1 3 * 3 9 
6 . A 9 5 
? 8 3 7 
3 . 7 5 6 
1 * 6 4 
3 . 5 9 6 
2 2 0 3 
2 . 9 8 0 
2 9 2 0 
3.//1 
4 9 3 3 
6 . 1 9 6 
6 2 6 ? 
5 . 4 9 1 
1 4 1 9 0 
5 . 5 4 3 
2 7 1 3 7 
1 1 . 0 3 5 
1 1 7 0 9 
5 . 5 4 5 
5 3 9 7 
6 . 7 4 0 
8 3 7 4 
3 . 3 2 6 
3 1 3 0 
3 . 9 4 2 
? / 0 3 
2 . 1 0 0 
GEN 




2 0 3 6 9 2 
1 0 0 . 0 0 0 
9 5 7 9 7 
100.000 
1 9 0 3 6 2 
1 0 0 . 0 0 0 
3 1 3 4 9 
1 0 0 . 0 0 0 
4 8 7 7 0 
100.000 
1 9 2 8 8 
100,000 
6 7 0 3 4 2 
100.000 
1 0 9 2 6 0 
1 0 0 . 0 0 0 
2 0 6 6 3 6 
1 0 0 . 0 0 0 
7 5 5 3 1 
100.000 
4 1 ? / 0 
1 0 0 . 0 0 0 




7 3 1 8 3 
1 0 0 . 0 0 0 
1 1 4 0 3 1 
1 0 0 , 0 0 0 
2 5 5 9 9 ? 
100,000 
2 4 5 9 ? 6 
1 0 0 . 0 0 0 
2 1 1 1 4 8 
1 0 0 . 0 0 0 
6 0 0 7 9 
1 0 0 , 0 0 0 
1 3 7 2 3 4 
1 0 0 . 0 0 0 
7 9 6 0 6 
1 0 0 , 0 0 0 
1 2 8 7 0 1 
1 0 0 . 0 0 0 
T O T A L 
1 0 0 . 0 0 0 
CO-YR 
1 3 2 
292 
3 5 2 
4 3 2 
5 5 2 
6 5 2 
7 5 2 
8 5 2 
9 5 2 
1 0 5 2 
1 1 5 2 
1 2 5 2 
1 3 5 2 
1 4 5 2 
1 5 5 2 
1 * 3 2 
1 7 5 2 
1 8 5 2 
1 9 3 2 
2 0 5 2 
2 1 5 2 
? 2 5 2 
3 3 5 2 
159 
I * T A N P R J O T N H N S ,11 SI G E N T J T A L C O - Y R 
A M U J N 1 
i ur i u t a i 
0 
0 . 0 0 0 
3 9 2 1 8 
3 3 . 2 1 3 
1 4 3 0 
2 . 0 1 1 
2 7 | 6 7 
3 8 . 2 6 8 
1 2 0 1 
4 . 5 0 6 
7 1 0 3 1 
1 0 0 . 0 0 0 
1 5 1 
A M J U N l 
i ur 1 J T A L 
7 6 
0 . 0 4 * 
6 S i 4 7 
3 7 , ? 7 3 
9 8 4 5 
5 . 3 8 5 
9 7 7 7 3 
5 3 . 2 0 3 
7 * 9 2 
4 . 0 9 6 
1 8 2 8 1 3 
1 0 0 . 0 0 0 
2 5 1 
AMUUNT 
1 Ur I U T A L 
1 2 
0 . 0 1 3 
3 2 7 7 9 
4 0 . | 2 0 
1 5 7 0 1 
2 3 . 4 4 1 
* 9 1 2 6 
3 « . * ? 5 
4 0 8 5 
3 , 0 0 0 
8 1 7 0 3 
1 0 0 . 0 0 0 
3 5 1 
A M J U N l 
A ur T j T A L 0 . 1 5J 
6 3 6 9 , 
3 3 , 8 1 0 
1 9 1 9 5 
1 1 . 3 * 6 
8 1 0 8 3 
4 9 , 0 2 7 
8 2 5 4 
3 . 6 9 0 
1 6 9 * 3 ? 
1 0 0 . 0 0 0 
« 5 1 
A M U U N I 
A Ur T U T A L 
8 
0 . 0 3 3 
4 3 * 1 
1 6 . 0 6 7 
4 7 44 
1 9 . 8 3 6 
1 3 6 1 7 
5 6 . 9 3 7 
1 2 2 6 
3 , 1 2 6 
2 3 9 1 * 
1 0 0 , 0 3 0 
5 5 1 
A M U U N l 
a jr i u r • i_ 
4 6 5 
0 . 9 9 6 
1 6 9 * 4 
4 0 . 5 * 5 
" 1 9 
1 6 . 3 * 9 
1 * 0 7 6 
3 6 . 7 0 9 
1 5 1 4 
3 , 2 4 2 
« 6 6 9 7 
1 0 0 . 0 0 0 
6 5 1 
a m u u m t 
i ur u t a l 
AS 
0 . 2 4 4 
8 9 8 0 
* 8 . 7 * 8 
4 9 9 
7 . 7 0 2 
9 3 6 6 
4 3 . 3 9 6 
5 4 0 
2 . 9 3 0 
1 8 « ? 9 
1 0 0 . 0 0 0 
7 5 1 
AMUUNT 
a ur U T A L 
1 4 5 
0 . 0 2 2 
* 9 0 B 7 l 
4 3 . 0 3 5 
5 6 7 9 6 
5 . 7 9 * 
2 5 7 3 2 6 
3 9 . 8 4 2 
4 9 7 2 7 
6 . 3 0 6 
6 4 5 6 * * 
1 0 0 . 0 9 3 
8 5 1 
AMUUNT 
A ur U T * L 
6 5 
0 . 0 6 3 
3 2 9 6 5 
3 0 , 9 3 8 
1 3 9 2 8 
1 3 . 4 0 0 
3 3 5 5 9 
3 2 . 2 8 7 
14 2 2 
3 . 2 9 2 
1 0 3 9 1 9 
1 0 0 . 0 0 0 
9 5 1 
A M U U N l 
» ur iutal 
2 2 6 
3 . 1 1 9 
6 2 7 0 2 
3 * . 8 9 3 
* 4 6 s 8 
2 3 . 4 3 3 
7 * 2 3 6 
3 7 . 8 9 5 
1 0 7 9 0 
5 . 6 6 0 
1 9 0 6 ? ? 
1 0 0 . 0 0 0 
1 0 5 1 
AMUUN1 
a ur U T A L 
5 2 
0 . 0 / 6 
1 7 l * 6 
* 4 , 9 9 ? 
1 0 7 3 3 
1 5 . 6 9 6 
3 7 9 3 8 
5 3 . 3 7 8 
2 6 3 6 
3 . 8 5 1 
6 8 5 0 7 
1 0 0 . 0 0 0 
1 1 5 1 
AMUUNT 
a ur l U T A i 
3 1 
0 . 0 8 0 
1 * 3 * 4 
3 1 . 7 * 8 
9 0 0 3 
2 3 . 1 7 7 
1 * 1 4 1 
4 1 . 5 5 2 
1 3 4 * 
3 . 4 6 5 
3 8 8 4 5 
1 0 0 . 0 9 9 
1 2 5 1 
AMUUNT 
a ur t j t a l 
3 8 
0 . 0 5 3 
* 1 3 * l 
3 0 . 7 3 7 
1 1 9 4 4 
1 7 . 2 3 0 
3 3 9 9 2 
4 9 . 0 3 * 
2 0 2 3 
2 . 9 2 1 
6 9 3 3 0 
1 0 0 . 0 9 0 
1 3 5 1 
a m u u n t 
a ur t o t a l 
U 
o . o o o 
3 1 0 6 5 
* * . 5 * 9 
1 1 1 6 5 
1 5 . 2 6 3 
2 9 0 5 9 
3 6 . 4 0 7 
? 7 « 8 
3 . 7 6 1 
7 3 0 5 7 
1 0 0 , 0 0 0 
1 * 5 1 
a m U u n i 
A Jr I U T A L 
5 1 
3 . 0 7 3 
*2»7i> 
3 3 , 0 7 5 
1 1 5 3 1 
t i . 6 / 4 
3 3 5 7 1 
4 4 , 0 2 0 
4 2 7 3 
6 . 1 5 6 
6 9 * * 8 
1 0 0 , 0 0 0 
1 5 5 1 
a m u U n I 
a j r 1 U 1' A L 
1 8 5 
0 . 1 8 6 
4 l ] « U 
4 1 . 2 9 2 
1 5 1 * 8 
1 5 . 1 8 9 
3 7 9 5 8 
3 6 . 0 6 2 
9 2 5 7 
3 . 2 7 1 
9 9 7 7 8 
1 0 0 , 0 0 9 
t 6 5 1 
AMUUN1 
a ur U I A L 
5 
0 . 0 0 * 
8 9 7 4 ) 
3 9 t l 8 9 
5 0 1 5 4 
2 1 . 9 0 2 
7 5 6 6 1 
3 3 . 0 * 0 
1 1 4 3 5 
5 . 9 6 7 
2 7 8 9 9 6 
1 0 0 , 0 0 0 
1 7 5 1 
AMUUN1 
A Ur U T A L 
1 0 7 
0 . 0 4 4 
9 8 5 5 4 
4 0 . ft 7 4 
1 3 6 * 3 
5 . 6 5 0 
9 9 5 8 7 
4 1 . 3 0 2 
2 9 2 4 6 
1 2 . 1 3 0 
2 * 1 1 1 9 
1 0 0 . 0 9 0 
1 9 5 1 
AMUUNT 
A Ur I U T A L 
7 6 7 
0 . 1 3 6 
01 7 8 4 
4 1 . S / 4 
1 9 3 6 9 
9 , 3 4 8 
8 5 * 8 1 
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5 , 3 8 7 
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1 0 0 . 0 0 0 
1 9 5 1 
AMUUNT 
a ur u t a l 
0 
O . n O U 
2 6 5 9 9 
J * . 4 / 5 
4 9 7 1 
7 . 3 8 0 
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4 5 . 4 3 9 
8 1 9 0 
7 . 7 0 6 
6 7 3 5 * 
1 0 0 . 0 0 0 
2 0 5 1 
A M U U N I 
A UF U T A L 
0 
0 . 0 0 0 
3 9 9 8 1 
J J . 2 1 I 
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1 1 . 7 1 * 
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7 1 9 3 
5 . 4 2 8 
1 3 2 3 4 0 
1 0 0 . 0 0 0 
7 1 5 1 
A M U U N I 
> ur U T - . L 
12 
0 . 0 1 7 
1 9 0 8 5 
2 & . 9 1 1 
1 3 6 » 7 
2 2 . 3 7 3 
3 3 1 6 6 
4 6 . 7 6 9 
3 7 9 7 
3 . 9 3 0 
7 0 9 1 9 
1 0 0 . 0 9 0 
7 2 5 1 
A M U U N l 
A Ur U T A L 
1 1 2 
0 . 1 0 9 
4 6 9 * 1 
4 3 . 6 6 7 
1 * 1 6 2 
1 1 . 6 3 7 
4 1 1 9 5 
4 0 . 0 9 4 
3 3 3 5 
2 . 2 7 3 
1 0 2 7 4 5 
1 0 0 . 0 0 0 
2 3 5 1 
SUMMARY 
» Ur T U T A L 
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P B U i l 
J 9 . 6 9 J 
T R A N S 
1 2 . 5 3 4 
3 I S I 
4 2 . 0 5 9 
GEN 
3 . 6 2 3 
T O T A L 
1 0 0 . 0 0 0 
I N TAN Pw J o T R A N S 3 1 ST GEN T O T A L C O - T R 
J v E K A l l 
SUMMARY 
A Jr U l A l 
M I A N 
0 . 0 3 4 
P R U J 
4 0 . 5 3 0 
T R A N S 
1 5 . 0 9 8 
O I S T 
3 9 . 9 8 1 
G E N 
* . 3 5 B 
T O T A L 




Dynamo is a computer program for translating mathematical 
models into a program which enables the model to be simulated on a 
digital computer. Dynamo consists of a number of algebraic relation­
ships that relate the variable one to another. The dynamo model is 
the list of all of these relationships or equations. The format for 
each equation is specific, therefore limited. The Dynamo User's Manual 
(23) provides the exact punching format for the 58 equation formats 
which may be used. 
Since this is a simulation model, it is necessary to provide a 
method for moving the model through time. The formulation of the 
model is such that each equation in the model must be solved at each 
point in time during the simulation. This provides a new valve for 
each variable at each time point. The time notation used in the model 






J K L 
Figure 35. Time Notation. 
161 
The present time is denoted as time K, the previous point in 
time is time J and the next point in time will be time L. The respec­
tive intervals between these points are referred to as intervals JK and 
KL. The values found at time J for all variable will be used at time 
K to solve again all of the equations. In this model the time interval 
was selected as one hour. Thus for a one year simulation period, each 
equation is solved 8,760 times. 
The model of the electric utility company developed in this study 




125MW, 130MW, 180MW 
C C P 1 I = 1 2 5 
C A P 1 I = 1 8 3 4 7 3 5 7 
C TP 1 1 = 1 
C C P 2 I = 1 3 0 
C A P 2 I = 1 4 4 4 3 4 9 2 
C T P 2 I = 7 6 5 6 
C C P 3 I = 1 8 0 
C A P 3 I = 1 9 4 8 9 2 8 0 
C T P 3 I = 2 4 4 4 4 
C BGUP 1 = 8 1 
45A B G U P ? . K = S T E P ( 2 6 , 7 6 5 6 ) 
C MNG=40 
5 8A I 1 A . K * T A B H L ( G N 1 t M W 1 A . K , 4 0 t 1 2 5 , 5 ) 
58A I1B.I< = T A 8 H L ( G N 1 , M W 1 B . K , 4 0 , 1 2 5 , 5 ) 
5 8A I l C . K = T A B H L ( G N l , M W i C . K t 4 0 , 1 2 5 t 5 ) 
C G N 1 * = 1 0 . 9 6 / 1 0 . 8 7 / 1 0 . 7 8 / 1 0 . 6 9 / 1 0 . 6 0 / 1 0 . 5 1 / 1 0 . 4 2 / 1 0 . 3 3 / 1 0 . 2 4 / 1 0 . 1 5 / 1 
XI 0 . 0 7 / 1 0 . 0 2 / 9 . 9 7 / 9 . 9 4 / 9 . 9 2 / 9 . 9 1 / 9 . 9 0 / 9 . 9 1 
5 8A I 2 A . K = T A B H L ( G N 2 , r V W 2 A . K , 4 0 , 1 3 0 , 5 ) 
58A I 2 B . K = T A B H L ( G N 2 , M W 2 B . K , 4 0 , 1 3 0 , 5 ) 
58A I 2 C . K = T A B H L ( G N 2 , M W 2 C . K , 4 0 , 1 3 0 , 5 ) 
C G N 2 * = 1 0 . 5 0 / 1 0 . 4 3 / 1 0 . 3 6 / 1 0 . 3 0 / 1 0 . 2 3 / 1 0 . 1 6 / 1 0 . 0 9 / 1 0 . 0 2 / 9 . 9 6 / 9 . 8 9 / 9 . 8 
XI 3 / 9 . 7 9 / 9 . 7 6 / 9 . 7 3 / 9 . 7 2 / 9 . 7 2 / 9 . 7 3 / 9 . 7 5 / 9 . 7 8 
5 8A I 3 A . K = T A B H L ( G N 3 , M W 3 A . K , 5 5 , 1 8 0 , 5 ) 
58A I 3 B . K = T A B H L ( G N 3 , M W 3 B . K , 5 5 , 1 8 0 , 5 ) 
5 8A I 3 C . K = TABHI_(GN3,MW3C.K,55 , 1 8 0 , 5 ) 
C G N 3 * = 1 0 . 1 1 / 1 0 . 0 7 / 1 0 . 0 3 / 9 . 9 9 / 9 . 9 5 / 9 . 9 2 / 9 . 8 8 / 9 . 8 3 / 9 . 8 0 / 9 . 7 6 / 9 . 7 2 / 9 . 6 
XI 8 / 9 . 6 4 / 9 . 6 0 / 9 . 5 7 / 9 . 5 4 / 9 . 5 1 / 9 . 4 9 / 9 . 4 7 / 9 . 4 6 / 9 . 4 5 / 9 . 4 5 / 9 . 4 4 5 / 9 . 4 5 / 9 . 4 
X2 5 / 9 . 4 5 5 
UNIT DOWN TIMES 
FOR VALICATICN STUCY ONLY 
45A O 1 0 . K = S T E P ( - P l , 7 0 7 ) 
45A 0 1 U . K = S T E P i P I , 8 3 0 ) 
45A 0 2 0 . K = S T E P { - P 1 , 8 9 2 ) 
45A 0 2 U . K = S T E P { P I , 9 0 2 ) 
45A 0 3 0 . K = S T E P ( - P 1 , 2 0 2 7 ) 
45A 0 3 U . K = S T E P ( P 1 , 2 0 8 1 ) 
45A 0 4 0 . K = S T E P ( - P 1 , 3 2 1 5 ) 
45A U 4 U . K * S r E P ( P l , 3 4 9 3 ) 
45A 0 5 D . K = S T E P ( - P 1 , 3 9 3 5 ) 
45A 0 5 U . K = S T E P ( P 1 , 3 9 7 3 ) 
45A 0 6 0 , K = S T E P ( - P 1 , 4 9 5 3 ) 
45A 0 6 U , K = = S T E P ( P 1 , 4 9 9 1 ) 
45A 0 7 0 . K = S T E P ( - P 1 , 5 1 1 1 ) 
45A 0 7 U . K = S T E P ( P 1 , 5 3 8 4 ) 
45A 08D.K=STEP(-P1 , 5 3 8 8 ) 
45A 0 8 U . K = S T E P ( P 1 , 5 4 2 5 ) 
45A 0 9 D . K = S T E P ( - P 1 , 6 5 0 3 ) 
45A 0 9 U . K = S T E P ( P 1 , 6 5 3 3 ) 
45A 0 1 0 1 ) . K = S T E P ( - P 1 , 6 9 9 7 ) 
45A 0 1 0 U . K = S T E P ( P 1 , 7 0 2 4 ) 
45A 0 1 1 D . K = S T E P J - P l , 7 7 9 6 ) 
45A 0 1 1 U . K = S T E P ( P 1 , 8 1 1 8 ) 
45A ( 1 1 2 0 . K = S T E P ( - P l , 8 3 0 3 ) 
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45A U12U .K = S T E P ( P 1 , 8 3 1 5 ) 
45A 0 1 3 D .K = S T E P I - P 1 , 8 8 0 6 ) 
45A 0 1 3 U .K= STEPCPl i 8 8 6 2 ) 
45A 0 1 4 D .K = S T E P t - P l , 9 1 4 3 ) 
45A 0 1 4 U .K = S T E P ( P 1 , 9 1 9 8 ) 
45A n i 5 D .K= S T E P l - P l , 9 5 5 9 ) 
45A 0 1 5 U .K = S T E P ( P 1 , 9 5 9 7 ) 
45A • 16D .K = S T E P ( - P 1 , 1 0 0 0 6 ) 
45A 0 1 6 U .K = S T E P ( P I , 1 0 0 3 8 ) 
45A 0 1 7 D .K = S T E P ( - P 1 , 1 0 6 7 7 ) 
45A 0 1 7U .K = S T E P ( P I , 1 0 7 5 3 ) 
45A • 18D .K = S T E P ( - P 1 , 1 1 6 8 1 ) 
45A • 1 8 U .K = S T E P ( P I , 1 1 6 9 8 ) 
45A 0 1 9 D .K = S T E P ( - P 1 , 1 1 8 9 2 ) 
45A 0 1 9 U .K = S T E P I P l , 1 2 7 3 9 ) 
45A 0 2 0 D .K = S T E P ( - P 1 , 1 3 3 2 3 ) 
45A Q20U.K= S T E P I P l , 1 3 5 9 1 ) 
A 5 A U21D «K = S T E P ( - P 1 , 1 6 0 3 1 ) 
45A • 2 1 U . K = S T E P . P l , 1 6 0 8 7 ) 
45A 022D, .K = S T E P ( - P 1 t l 7 3 2 7 ) 
45A 0 2 2 U „K = S T E P ( P I , 1 7 3 3 6 ) 
45A 0 2 3D «K = S T E P ( - P 1 , 1 7 7 1 1 ) 
45A 0 2 3 U «K = S T E P ( P i t 1 7 7 2 9 ) 
45A 0 2 4 D . K = S T E P ( - P 1 , 1 8 7 4 3 ) 
45A 0 2 4 U . K = S T E P ( P 1 , 1 8 7 7 4 ) 
45A U25D.K= S T E P ( - P 1 , 1 9 3 9 0 ) 
45A 0 2 5 U . K = S T E P l P l t 1 9 4 4 3 ) 
45A 0 2 6 D .K= S T E P 1 - P 1 , 1 9 8 7 1 ) 
45A 0 2 6 U .K = S T E P ( P I » 1 9 9 1 9 ) 
45A 0 2 7D .K = S T E P l - P l , 2 0 4 0 0 ) 
45A 0 2 7 U .K = S T E P . P l , 2 0 4 0 3 ) 
45A 0 2 8 D .K = S T E P 1 - P 1 , 2 0 6 9 9 ) 
45A 0 2 8 U .K = S T E P I P l , 2 0 7 4 8 ) 
45A 0 2 9 D .K = S T E P l - P l , 2 1 3 8 3 ) 
45A 0 2 9 U .K = S T E P I P l * 2 1 4 3 8 ) 
45A 0 3 0 D .K = S T E P 1 - P 1 , 2 1 8 6 4 ) 
45A 0 3 0 U .K = S T E P ( P I , 2 2 0 0 3 ) 
45A 0 3 1 D .K = S T E P J - P l , 2 2 4 8 5 ) 
45A 0 3 1 U .K = S T E P . P l , 2 2 5 1 0 ) 
A 5 A 0 3 2 D .K = S T E P ( - P l , 2 3 0 6 3 ) 
45A 0 3 2 U .K = S T E P I P l , 2 3 1 4 4 ) 
45A 0 3 3 D .K = S T E P ( - P 1 , 2 4 2 3 8 ) 
45A 0 3 3 U .K = S T E P J P 1 , 2 4 7 3 2 ) 
45A 0 3 4 0 .K = S T E P ( - P 1 , 2 5 6 8 2 ) 
45A 0 3 4 U .K = S T E P ( P I , 2 5 7 3 2 ) 
45A 0 5 1 D . K » S T E P ( - P 2 . K , 7 7 7 2 ) 
45A 0 5 1 U . K = S T E P I P 2 . K , 7 7 8 1 ) 
45A 0 5 2 D .l< = S T E P ( - P 2 . K . 8 4 3 3 ) 
45A 0 5 2 U .K = S T E P ( P 2 . K , 8 4 9 4 ) 
45A 0 5 3D .K = S T E P ( - P 2 . K , 0 5 9 0 ) 
45A 0 5 3 U .K = S T E P ( P 2 . K , 8 7 4 3 ) 
45A 0 5 4 D .K = S TE P ( - P 2 . K , 9 5 6 6 ) 
45A 0 5 4 U ,K = S T E P . P 2 . K , 9 5 6 7 ) 
45A 0 5 5 0 .K = STEP(—P2 , K , 9 5 7 0 ) 
45A 0 5 5 U . K « S T E P ( P 2 . K , 9 5 7 1 ) 
45A 0 5 6 D . K * S T E P I - P 2 . K . 9 6 4 6 ) 
45A 0 5 6 U .K = S T E P ( P 2 . K , 9 7 0 1 ) 
45A 0 5 7 D . K - STEPC-P2 . K , 9 9 0 0 ) 
45A 0 5 7 U .K = S T E P ( P 2 . K , 9 9 0 7 ) 
45A 0 5 8 D .K = S T E P ( - P 2 , K , 9 9 1 2 ) 
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45A 0 5 8 U . K = S T E P ( P 2 . K , 9 9 1 6 ) 
45A 0 5 9 0 . K = S T E P ( - P 2 . K , 9 9 9 0 ) 
45A 0 5 9 U . K = S T E P < P 2 . K , 1 0 0 0 3 ) 
45A 0 6 0 0 . K = S T E P ( - P 2 . K , 1 0 3 1 9 ) 
45A 0 6 0 U . K = S T E P ( P 2 . K , 1 0 3 7 5 ) 
45A 0 6 1 D . K = S T E P ( - P 2 . K , 1 0 4 8 7 ) 
45A 0 6 1 U . K = S T E P ( P 2 . K , 1 0 5 4 2 ) 
45A 0 6 2 0 . K = S T E P ( - P 2 . K , 1 1 3 0 2 ) 
45A 0 6 2 U . K = S T E P ( P 2 . K , 1 1 3 0 8 ) 
45A 0 6 3 D . K = S T E P l - P 2 . K , 1 1 4 9 5 ) 
45A 0 6 * U . K = S T E P ( P 2 . K , 1 1 5 5 1 ) 
45A 064D, .K = S T E P ( - P 2 . K , 1 2 1 9 1 ) 
45A 0 6 4 U , K = S T E P ( P 2 . K , 1 2 2 0 9 ) 
45A 065D. .K = S T E P ( - P 2 . K , 1 2 8 4 5 ) 
45A 065U«,K=STEP( P 2 . K , 1 4 0 6 0 ) 
45A 0 6 6 D . K = S T E P ( - P 2 . K , 1 4 0 6 7 ) 
45A 0 6 6 U , K = S T E P ( P 2 . K , 1 4 1 8 6 ) 
45A 0 6 7 D . , K = S T E P ( - P 2 . K , 1 5 0 2 6 ) 
45A 0 6 7 U . K = S T E P ( P 2 . K , 1 6 0 3 1 ) 
45A 0 6 8 D . K = S T E P ( - P 2 . K , 1 7 2 0 7 ) 
45A 0 6 8 U . K = S T E P ( P 2 . K , 1 7 2 6 2 ) 
45A 0 6 9 U . K = S T E P ( - P 2 . K , 1 7 7 3 5 ) 
45A 0 6 9 U . K = S T E P ( P 2 . K , 1 7 7 6 5 ) 
45A 0 7 0 D . K = S T E P ( - P 2 . K , 1 8 0 7 1 ) 
45A 0 7 0 U . K = S T E P ( P 2 . K , 1 8 0 8 6 ) 
45A 0 7 1 D . K = S T E P I - P 2 . K , 1 8 2 3 9 ) 
45A 0 7 1 U . K = S T E P t P 2 . K , 1 8 2 6 0 ) 
45A 0 7 2 D . K = S T E P I - P 2 . K , 2 0 2 0 7 ) 
45A 0 7 2 U . K = S T E P | P 2 . K , 2 0 2 5 2 ) 
45A 0 7 3 D . K = S T E P l - P 2 . K , 2 0 3 7 5 ) 
45A 0 7 3 U . K = S T E P ( P 2 . K , 2 0 3 8 6 ) 
45A 0 7 4 D . K = S T E P l - P 2 . K , 2 0 4 0 1 ) 
45A 0 7 4 U . K = S T E P I P 2 . K , 2 0 5 7 7 ) 
45A 0 7 5 D . K = S T E P ( - P 2 . K , 2 1 3 5 9 ) 
45A 0 7 5 U . K = S T E P ( P 2 . K , 2 1 3 6 6 ) 
45A 0 7 6 D . K = S T E P ( - P 2 . K , 2 1 5 5 6 ) 
45A 0 7 6 U . K = S T E P ( P 2 . K , 2 1 6 0 7 ) 
45A 0 7 7 0 . K = S T E P ( - P 2 . K , 2 1 6 5 9 ) 
45A Q 7 7 U . K = S T E P ( P 2 . K , 2 1 6 8 3 ) 
45A 0 7 8 0 . K = S T E P ( - P 2 . K , 2 3 2 3 5 ) 
45A 0 7 8 U . K = S T E P ( P 2 . K , 2 3 9 4 5 ) 
45A 0 7 9 0 . K = S T E P ( - P 2 . K , 2 5 3 1 7 ) 
45A 0 7 9 U . K = S T E P ( P 2 . K . 2 5 9 8 3 ) 
45A 0 8 0 D . K = S T E P ( - P 2 . K f 2 6 1 4 9 ) 
45A 0 8 0 U . K = S T E P ( P 2 . K , 2 6 1 5 7 ) 
7A P I D 1 . K = 0 1 D . K + 0 1 U . K 
7 A P 1 0 2 . K . = 0 2 D . K + 0 2 U . K 
7A P 1 D 3 . K = 0 3 D . K + 0 3 U . K 
7A P 1 D 4 . K = 0 4 D . K + 0 4 U . K 
7A P 1 D 5 . K = 0 5 D . K + 0 5 U . K 
7A P 1 D 6 . K = 0 6 D . K + Q 6 U . K 
7A P 1 D 7 . K ^ 0 7 D . K + 0 7 U . K 
7A P I D 8 . K = 0 8 D . K + 0 8 U . K 
7A P 1 D 9 . K = 0 9 0 . K + 0 9 U . K 
7A P 1 D 1 0 . K = 0 1 0 D . K + 0 1 0 U . K 
7A P I U 1 1 . K = C 1 1 D . K + 0 1 1 U . K 
7A P 1 D 1 2 . K = C 1 2 D . K + 0 1 2 U . K 
7A P 1 D 1 3 . K = C 1 3 D . K + 0 1 3 U . K 
7A P 1 D 1 4 . K = C 1 4 D . K + 0 1 4 U . K 
7A P 1 0 1 5 . K = C 1 5 D . K + 0 1 5 U . K 
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7A P1D16 . K=C16D . K+016U . K 
7A P1D17.K=C17D.K+017U.K 
7A P1D18 . K=C18D . K+018U . K 
7A P1019.K=C19D.K+019U.K 
7A P1D20 . K=C20D . K+020U . K 
7A P1D21.K=C21D.K+021U.K 
7A P1D22 . K=G22D . K+022U . K 
7A P1D23.K=U23D.K+023U.K 
7A P1D24 . K=C24D . K+024U . K 
7A P1D25 . K=C25D . K+025U . K 
7A P1D26 . K=C26D.K+026U . K 
7A P1D27 . K=C27D . K+027U . K 
7A P1D28 . K=G28D . K + 0 2 8 U . K 
7A P1D29 . K=C29D . K+029U . K 
7A P1D30 . K=C30D . K+030U . K 
7A P1D3 L . K = C31D .K^••31U .K 
7A P1D32.K = C32D .K«-032U .K 
7A P1D33.K=033D.K+033U.K 
7A P1D34.K=C34D.K+03AU.K 
11A P1DC1 . K=P1D1 . K+P1D2 . K+P1D3 . K+P1D4 . K+P1Q5 . K+P1D6 . K+P1D7 . K+P1D8 . K 
10A P1DC2.K=P1D9.K+P1D10.K+P1D11.K+P1D12.K+P1D13.K+P1D14.K 
10A P1DC3 . K=P1D15 . K+P1D16 . K+P1D17 . K+P1D18 . K+P1019 . K+P1D20 . K 
10 A PiDC4 . K=PlD2i . K+PlD22 . K+PlD2 3.K+PlD24.K+PlD25.K+PlD26 .K 
10A P1DC5.K=P1D27.K+P1D28.K+P1D29.K+P1D30.K+P1D31.K+P1D32.K 
7A P1DC6.K=PID33.K+P1D34.K 
10 A P1DC.K=P1DC1.K+P1DC2.K+PIDC3.K+P1DC4.K+P1DC5.K+P1DC6.K 
7A P2D1.K=051D.K+D51U.K 
7A P2D2.K=052D.K+052U.K 

































lOA P2DC5.K=P2D2 5 . K + P 2 D 2 6 . K + P 2 D 2 7 . K + P 2 D 2 8 . K + P 2 0 2 9 . K + P 2 D 3 0 . K 
LOA P 2 0 C . K = P 2 D C 1 . K + P 2 D C 2 . K + P 2 D C 3 . K + P 2 D C 4 . K + P 2 D C 5 . K + 0 
C P l = 1 2 5 
58A MWMX.K=TABHL(RNDY,NMC.K,1 ,72 ,1 ) MONTHLY MAX MW PEAK 
C R N D Y * = 4 0 1 / 4 0 3 / 3 5 0 / 3 4 2 / 3 2 6 / 3 2 7 / 3 3 5 / 3 3 3 / 3 4 8 / 3 5 1 / 3 5 2 / 4 0 6 / 3 9 5 / 3 7 4 / 3 9 1 / 
XI 3 6 5 / 3 6 8 / 3 7 0 / 3 5 4 / 3 7 4 / 3 8 3 / 4 0 0 / 4 3 3 / 4 5 2 / 4 4 9 / 4 2 5 / 4 2 1 / 4 0 8 / 4 2 6 / 4 1 2 / 4 0 9 / 4 0 
X2 8 / 4 3 0 / 4 2 0 / 4 3 5 / 5 2 9 / 5 2 1 / 4 9 9 / 4 6 4 / 4 5 5 / 4 6 8 / 4 6 0 / 4 5 2 / 4 6 2 / 4 6 7 / 4 6 7 / 4 6 2 / 5 3 7 / 
X3 5 7 2 / 5 2 0 / 5 5 2 / 5 1 7 / 5 3 1 / 5 0 0 / 4 9 5 / 5 2 7 / 5 5 1 / 5 6 5 / 5 5 8 / 6 5 2 / 5 7 7 / 5 8 7 / 5 2 2 / 5 2 0 / 5 3 
X4 7 / 5 4 0 / 5 4 4 / 5 6 2 / 5 6 7 / 5 4 7 / 5 9 7 / 6 3 7 
58A MWMN.K=rABHL<ANDY,NMC.K,1,72, 1 ) MONTHLY MIN MW PEAK 
C ANDY» = 2 3 1 / 2 2 9 / 2 0 9 / 2 1 3 / 2 0 3 / 1 9 7 / 2 1 1 / 2 0 1 / 2 2 9 / 2 0 9 / 1 9 6 / 2 2 2 / 2 4 2 / 2 4 0 / 2 3 0 / 
XI 2 4 2 / 2 4 7 / 2 3 1 / 2 2 6 / 2 2 7 / 2 4 8 / 2 3 8 / 2 5 1 / 2 4 8 / 2 5 5 / 2 7 0 / 2 8 5 / 2 7 5 / 2 7 5 / 2 7 8 / 2 7 3 / 2 9 
X2 1 / 2 6 5 / 2 8 0 / 2 9 0 / 2 9 5 / 3 0 5 / 3 2 9 / 3 2 4 / 2 8 5 / 3 0 0 / 2 9 9 / 2 9 5 / 2 9 7 / 2 7 7 / 3 0 7 / 3 1 2 / 3 3 7 / 
X3 3 6 2 / 3 7 7 / 3 2 5 / 3 1 7 / 3 7 0 / 3 4 0 / 3 4 0 / 3 6 7 / 3 7 7 / 3 4 7 / 3 7 7 / 3 5 2 / 3 7 7 / 4 0 7 / 3 6 7 / 3 4 7 / 3 6 
X4 7 / 3 8 7 / 3 9 2 / 3 8 7 / 4 0 2 / 3 9 2 / 4 0 2 / 4 5 2 
IL MWDL.K=MlfiDL.J+lDT) (MWD.J + O) TOTAL SYSTEM MWH 
6N MWDL=0 
44A MWD.K=(MWDD.K) ( D L P C . K J / 1 0 0 
7A MWDD.K = MVsMN.K+I .K 
52L I . K M . J+ (DT ) I I 1 . J - I 2 . J - I 3 . J + 0 ) 
6N 1=0 
4 1 A I l . K = P U L S E ( D D D . K , 2 4 , 2 4 ) 
6N 1 1 = 0 
4 1 A I 2 . K = P U L S E ( I . K , 7 4 4 , N H M . K ) 
6N 1 2 = 0 
4 1 A I 3 . K = P U L S E ( I l . K , 7 4 4 , N H M . K ) 
6N 1 3 = 0 
12A D L P C . K = ( D L P . K ) ( C F M . K ) 
7A CFM.K=CF.K-CFA CORRECTION FACTOR MODIFIED 
C C F A = . 0 5 0 
7A C F . K = C 1 . K + C 2 . K 
10A C 1 . K = C F 5 8 U . K + C F 5 8 D . K + C F 5 9 U . K + C F 5 9 D . K + C F 6 0 U . K + C F 6 0 D . K 
10A C 2 . K = C F 6 1 U . K + C F 6 1 D . K + C F 6 2 U . K + C F 6 2 D . K + C F 6 3U.K+0 
45A C F 5 8 U « K = S r E P ( C F 5 8 . K , 1 ) 
45A CF58D.,K = STEP ( - C F 5 8 . K, 8 7 6 1 ) 
45A C F 5 9 U . , K = S T E P ( C F 5 9 . K , 8 7 6 1 ) 
45A C F 5 9 D . K = S T E P ( - C F 5 9 . K , 1 7 5 2 1 ) 
45A C F 6 0 U . K = S T E P ( C F 6 0 . K , 1 7 5 2 1 ) 
45A C F 6 0 D . K = S T E P . - C F 6 0 . K , 2 6 2 8 1 ) 
45A C F 6 1 U . K = S T E P ( C F 6 1 . K , 2 6 2 8 1 ) 
4 5 A C F 6 1 D . K = S T E P ( - C F 6 1 . K , 3 5 0 4 1 ) 
45A CF62U.K=STEP I C F 6 2 . K , 3 5 0 4 1 ) 
45A CF62D.K = S T E P ( - C F 6 2 . K , 4 3 8 0 1 ) 
4 5 A C F 6 3 U . K = S T E P ( C F 6 3 . K , 4 3 8 0 1 ) 
58A C F 5 8 . K = T A B H L ( Y R 5 8 , U . K , 1 , 3 1 , 1 ) 1 9 5 8 CORRECTION FACTOR 
C Y R 5 8 * = 1 . 0 0 / 1 . 0 1 / 1 . 0 1 / 1 . 0 0 / 1 . 0 2 / 1 . 0 6 / 1 . 1 0 / 1 . 0 9 / 1 . 0 9 / 1 . 1 4 / 1 . 1 3 / 1 . 1 6 / 
XI 1 . 1 5 / 1 . 1 4 / 1 . 1 3 / 1 . 1 1 / 1 . 1 0 / 1 . 0 9 / 1 . 0 7 / 1 . 0 6 / 1 . 0 5 / 1 . 0 4 / 1 . 0 3 / 1 . 0 2 / 1 . 0 1 / 1 
X2 . 0 0 / . 9 9 / . 9 9 / . 9 9 / . 9 9 / 1 . U U 
58A C F 5 9 . K = T A B H L ( Y R 5 9 , U . K , 1 , 3 1 , 1 ) 1 9 5 9 CORRECTION FACTOR 
C Y R 5 9 * = 1 . 0 0 / . 9 9 / 1 . 0 0 / 1 . 0 1 / 1 . 0 5 / 1 . 0 8 / 1 . 1 0 / 1 . 1 1 / 1 . 1 7 / 1 . 1 8 / 1 . 1 8 / 1 . 1 7 / 1 
XI . 1 6 / 1 . 1 4 / 1 . 1 3 / 1 . 1 2 / 1 . 1 1 / 1 . 1 0 / 1 . 0 8 / 1 . 0 8 / 1 . 0 6 / 1 . 0 5 / 1 . 0 4 / 1 . 0 3 / 1 . 0 2 / 1 . 
X2 0 1 / 1 . 0 1 / 1 . 0 0 / . 9 9 / 1 . 0 0 / 1 . 0 0 
58A C F 6 0 . K = T A B H L ( Y R 6 0 , U . K , 1 , 3 1 , 1 ) 1 9 6 0 CORRECTION FACTOR 
C Y R 6 0 * = 1 . 0 0 / . 9 9 / 1 . 0 2 / 1 . 0 3 / 1 . 0 5 / 1 . 0 8 / 1 . 1 0 / 1 . 1 1 / 1 . 1 1 / 1 . 1 2 / 1 . 1 4 / 1 . 1 4 / 1 
XI . 1 3 / 1 . 1 2 / 1 . 1 1 / 1 . 1 0 / 1 o 0 9 / 1 . 0 8 / 1 . 0 7 / 1 . 0 6 / 1 . 0 5 / 1 . 0 4 / 1 . 0 3 / 1 . 0 2 / 1 . 0 1 / 1 . 
X2 0 0 / 1 . 0 0 / 1 . 0 0 / 1 . 0 0 / 1 . 0 0 / 1 . 0 0 
58A C F 6 1 . K = T A B H L ( Y R 6 1 , U . K . 1 , 3 1 , 1 ) 1 9 6 1 CORRECTION FACTOR 
C Y R 6 1 * = 1 . 0 0 / 1 . 0 2 / 1 . 0 5 / 1 . 0 5 / 1 . 0 8 / 1 . 0 9 / 1 . 0 9 / 1 . 1 2 / 1 . 1 4 / 1 . 1 4 / 1 . 1 6 / 1 . 1 6 / 
XI 1 . 1 5 / 1 . 1 4 / 1 . 1 4 / 1 . 1 2 / 1 . 1 1 / 1 . 1 1 / 1 . 0 9 / 1 . 0 8 / 1 . 0 7 / 1 . 0 6 / 1 . 0 5 / 1 . 0 4 / 1 . 0 3 / 1 
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X 2 . 0 2 / 1 . 0 1 / 1 . 0 1 / 1 . 0 0 / 1 . 0 0 / 1 . 0 0 
5 8 A C F 6 2 . K = T A B H L ( Y R 6 2 . U . K , 1 , 3 1 , 1 ) 1 9 6 2 C O R R E C T I O N F A C T O R 
C Y R 6 2 » = 1 . 0 0 / 1 . 0 1 / 1 . 0 1 / 1 . 0 0 / 1 . 0 2 / 1 . 0 3 / 1 . 0 5 / 1 . 0 6 / 1 . 0 8 / 1 . 0 9 / 1 . 1 0 / 1 . 1 0 / 
X I 1 . 0 9 / 1 . 0 8 / 1 . 0 8 / 1 . 0 7 / 1 . 0 7 / 1 . 0 6 / 1 . 0 5 / 1 . O A / 1 . 0 3 / 1 . 0 2 / 1 . 0 1 / 1 . 0 1 / 1 . 0 0 / . 
X 2 9 9 / . 9 8 / . 9 9 / . 9 9 / . 9 9 / 1 . 0 0 
5 8 A C F 6 3 . K = T A B H L ( Y R 6 3 , U . K , 1 , 3 1 , 1 ) 1 9 6 3 C O R R E C T I O N F A C T O R 
C Y R 6 3 • = 1 . 0 0 / 1 . 0 1 / 1 . 0 2 / 1 . 0 2 / 1 . 0 3 / 1 . 0 6 / 1 . 0 8 / 1 . 0 8 / 1 . 1 0 / 1 . 0 9 / 1 . 1 0 / 1 . 1 0 / 
X I 1 . 1 0 / 1 . 0 9 / 1 . 0 8 / 1 . 0 8 / 1 . 0 7 / 1 . 0 7 / 1 . 0 6 / 1 . 0 5 / 1 . 0 5 / 1 . 0 4 / 1 . 0 3 / 1 . 0 2 / 1 . 0 1 / 1 
X 2 . 0 1 / 1 . 0 1 / 1 . 0 0 / 1 . 0 0 / 1 . 0 0 / 1 . 0 0 
1 L U . K = U . J + ( D T ) ( X 2 . J - Q . J ) 
4 1 A X 2 . K = P U L S E ( 1 , 2 4 , 2 4 ) 
6 N X 2 = 0 
4 1 A O . K = P U L S E ( N D M . K , 7 4 4 , N H M . K ) 
6 N Q = 0 
6 N U = l 
2 1 A O D D . K = ( 1 / N D M L 1 . K ) ( f Y H r V X . K - M W M N . K ) 
7 A N D M L l . K = N D M . K - l 
D A I L Y L O A D P R O F I L E 
1 1 A D L P . K = L P A . K + L P B . K + L P C . K + L P D . K + L P E . K + L P F . K + L P G . K + O 
1 1 A L P A . K = L P 1 U . K + L P 1 D . K + L P 2 U . K + L P 2 D . K + L P 3 U . K + L P 3 D . K + L P 4 U . K + L P 4 D . K 
1 1 A L P B . K = L P 5 U . K + L P 5 D . K + L P 6 U . K + L P 6 D . K + L P 7 U . K + L P 7 D . K + L P 8 U . K + L P 8 D . K 
1 1 A L P C . K = L P 9 U . K + L P 9 D . K + L P 1 0 U . K + L P 1 0 D . K + L P 1 1 U . K + L P 1 1 D . K + L P 1 2 U . K + L P 1 2 D . 
X I K 
1 1 A L P D . K = L P 1 3 U . K + L P 1 3 D . K + L P 1 4 U . K + L P 1 4 D . K + L P 1 5 U . K + L P 1 5 D . K + L P 1 6 U . K + 0 
1 1 A L P C . K = L P 1 6 D . K + L P 1 7 U . K + L P 1 7 D . K + L P 1 8 U . K + L P l 8 D . K + L P 1 9 U . K + L P 1 9 D . K + 0 
U A L P F . K = L P 2 0 U . K + L P 2 0 D . K + L P 2 1 U . K + L P 2 1 D . K + L P 2 2 U . K + L P 2 2 D . K + L P 2 3 U . K + 0 
7 A L P G . K = L P 2 3 D . K + L P 2 4 U . K 
4 5 A L P 1 U . K = S T E P ( L P 1 . K , 1 ) 
4 5 A L P 1 0 . K = S T F P ( - L P 1 . K , 2 1 6 1 ) 
4 5 A L P 2 U . K = S T E P ( L P 2 . K , 2 1 6 1 ) 
4 5 A L P 2 D . K = S T E P ( - L P 2 . K , 4 3 4 5 ) 
4 5 A L P 3 U . K = S T E P ( L P 3 . K , 4 3 4 5 ) 
4 5 A L P 3 D . K = S T E P ( - L P 3 . K , 6 5 5 3 ) 
4 5 A L P 4 U . K = S T E P ( L P 4 . K , 6 5 5 3 ) 
4 5 A L P 4 D . K = S T E P ( - L P 4 . K , 8 7 6 1 ) 
4 5 A L P 5 U . K = S T E P ( L P i . K , 8 7 6 1 ) 
4 5 A L P 5 D . K = S T E P ( - L P 1 . K , 1 0 9 2 1 ) 
4 5 A L P 6 U . K = S T F P ( L P 2 . K , 1 0 9 2 1 ) 
4 5 A L P 6 D . K = S T E P ( - L P 2 . K , 1 3 1 0 5 ) 
4 5 A L P 7 U . K = S T E P ( L P 3 . K , 1 3 1 0 5 ) 
4 5 A L P 7 D . K = S T E P ( - L P 3 . K , 1 5 3 1 3 ) 
4 5 A L P 8 U . K = S T E P ( L P 4 . K , 1 5 3 1 3 ) 
4 5 A L P 8 D . K = S T E P ( - L P 4 . K , 1 7 5 2 1 ) 
4 5 A L P 9 U . K = S T E P ( L P 1 . K , 1 7 5 2 1 ) 
4 5 A L P 9 D . K = S T E P ( - L P 1 . K , 1 9 6 8 1 ) 
4 5 A L P 1 0 U . K = S T E P ( L P 2 . K , 1 9 6 8 1 ) 
4 5 A L P 1 0 D . K = S T E P ( - L P 2 . K , 2 1 8 6 5 ) 
4 5 A L P 1 1 U . K = S T E P ( L P 3 . K , 2 1 8 6 5 ) 
4 5 A L P 1 1 D . K = S T E P ( - L P 3 . K , 2 4 0 7 3 ) 
4 5 A L P 1 2 U . K = S T E P ( L P 4 . K , 2 4 0 7 3 ) 
4 5 A L P 1 2 D . K = S T E P ( - L P 4 . K , 2 6 2 8 1 ) 
4 5 A L P 1 3 U . K = S T E P ( L P 1 . K , 2 6 2 8 1 ) 
4 5 A L P 1 3 D . K = S T E P ( - L P 1 . K , 2 8 4 4 1 ) 
4 5 A L P 1 4 U . K = S T E P ( L P 2 . K , 2 8 4 4 1 ) 
4 5 A L P i 4 D . K = S T E P ( - L P 2 . K , 3 0 6 2 5 ) 
4 5 A L P 1 5 U . K = S T E P ( L P 3 . K , 3 0 6 2 5 ) 
4 5 A L P 1 5 D . K = S T E P ( - L P 3 . K , 3 2 8 3 3 ) 
4 5 A L P 1 6 U . K = S T E P ( L P 4 . K , 3 2 8 3 3 ) 
4 5 A L P 1 6 0 . K = S T E P ( - L P 4 . K , 3 5 0 4 1 ) 
4 5 A L P 1 7 U . K = S T E P ( L P 1 . K , 3 5 0 4 1 ) 
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4 5 A L P 1 7 D . K = S T E P ( - L P 1 . K , 3 7 2 0 1 ) 
45A L P 1 8 U . K = S T E P ( L P 2 . K , 3 7 2 0 1 ) 
45A L P 1 8 D . K = S T E P l - L P 2 . K , 3 9 3 8 5 ) 
45A L P 1 9 U . K = S T E P ( L P 3 . K , 3 9 3 8 5 ) 
45A L P 1 9 D . K = S T E P ( - L P 3 . K , 4 1 5 9 3 ) 
45A L P 2 0 U . K = S T E P ( L P 4 . K , 4 1 5 9 3 ) 
45A L P 2 0 D . K = S T E P ( - L P 4 . K , 4 3 8 0 1 ) 
45A L P 2 1 U . K = S T E P ( L P 1 . K , 4 3 8 0 1 ) 
45A L P 2 1 D . K = S T E P ( - L P 1 . K , 4 5 9 6 1 ) 
45A L P 2 2 U . K = S T E P ( L P 2 . K , 4 5 9 6 1 ) 
4 5 A L P 2 2 D . K = S T E P < - L P 2 . K , 4 8 1 4 5 ) 
45A L P 2 3 U . K = S T E P U P 3 . K , 4 8 1 4 5 ) 
4 5 A L P 2 3 D . K = S T E P ( - L P 3 . K , 5 0 3 5 3 ) 
45A L P 2 4 U . K = S T E P ( L P 4 . K , 5 0 3 5 3 ) 
58A L P 1 . K = T A B H L ( W I N , X . K , 1 , 2 4 , 1 ) 
C W I N * = 6 1 / 5 8 / 5 6 / 5 5 / 5 5 / 6 4 / 7 7 / 8 6 / 9 2 / 9 4 / 9 3 / 9 3 / 8 9 / 8 5 / 8 2 / 8 3 / 8 7 / 9 7 / 9 9 / 9 4 / 9 
XI 0 / 8 2 / 7 3 / 6 3 
58A L P 2 . K = T A B H L ( S P G , X . K , 1 , 2 4 , 1 ) 
C S P G * = 6 1 / 5 9 / 5 8 / 5 8 / 5 8 / 6 7 / 7 6 / 8 5 / 9 1 / 9 2 / 9 3 / 9 4 / 9 2 / 8 9 / 8 6 / 8 8 / 9 0 / 9 4 / 9 8 / 9 9 / 9 
XI 5 / 8 6 / 7 4 / 6 6 
58A L P 3 . K = T A B H L ( S U M , X . K , 1 , 2 4 , 1 ) 
C S U M * = 6 1 / 5 9 / 5 8 / 5 7 / 5 6 / 6 0 / 6 6 / 7 8 / 8 8 / 9 3 / 9 4 / 9 6 / 9 4 / 9 3 / 9 1 / 9 5 / 9 6 / 9 6 / 9 6 / 9 9 / 9 
XI 5 / 8 5 / 7 4 / 6 5 
58A L P 4 . K = T A B H L ( F A L , X . K , 1 , 2 4 , 1 ) 
C FAL* - - 5 6 / 5 4 / 5 2 / 5 1 / 5 5 / 6 0 / 6 9 / 7 6 / 8 4 / 8 6 / 8 8 / 8 6 / 8 5 / 8 3 / 8 3 / 8 4 / 8 8 / 9 9 / 9 8 / 9 3 / 8 
X i 6 / 7 9 / 6 8 / 5 9 
IL X . K = X . J + ( D T ) ( 1 - X 1 . J ) 
4 1 A X I . K = P U L S E ( 2 4 , 2 4 , 2 4 ) 
6N X = 0 
6N X1=0 
51A MW.K=CLI P<MWG.K,0,MWG.K,MNG) 
7A MWG.K=MWD.K-BGOP.K MW TO BE GEN AT GANNON 
7A B G 0 P . K = B G 0 P 1 - B G 0 P 2 . K 
54A M W 1 A . K = M I N ( P 1 C . K . M W . K ) LOAD PLANT IA 
18A F C 1 A . K = ( C 1 B T U . K ) ( 1 1 A . K - B T U A . K ) 
54A MW2A.K=MIN(P2C.K,MW.K) LOAD PLANT 2A 
18A F C 2 A . K = ( C 2 B T U . K ) ( I 2 A . K - B T U A . K ) 
54A MW3A.K=MIN(P3C.K,MW.K) LOAD PLANT 3A 
1 8 A F C 3 A . K = ( C 3 B T U . K ) ( I 3 A . K - O T U A . K ) 
54A F C A A . K = M I N ( F C 1 A . K , F C 2 A . K ) 
54A A F C A . K = M I N ( F C 3 A . K , F C A A . K ) 
49A F C A . K = S W I T C H ( 0 , A F C A . K , M W . K ) FUEL COST/MW-A 
4 9 A M W G 1 A . K = S W I T C H ( M W 1 A . K , 0 , F C 1 A D . K ) 
7A F C 1 A D « K = F C A . K - F C 1 A . K 
12A T F C 1 A . K = ( F C 1 A . K ) ( M W G 1 A . K ) FUEL COST-DOLLAR/HR-1A 
49A MWG2A.K=SWITCH(MW2A.K,0 ,FC2AD.K) 
7A F C 2 A D . K = F C A . K - F C 2 A . K 
12A T F C 2 A . K = ( F C 2 A . K ) ( M W G 2 A . K ) FUEL COST-DOLLAR/HR/2A 
49A MWG3A.K=SWITCH!MW3A.K,0 ,FC3AD.K) 
7A F C 3 A D . K = F C A . K - F C 3 A . K 
12A T F C 3 A . K = ( F C 3 A . K ) ( M W G 3 A . K ) FUEL COST-DOLLAR/HR-3A 
8A TFCA.K=TFC1A.K+TFC2A.K+TFC3A.K FUEL COST-DOLLAR/HR-A 
8A MWGA.K=MWG1A.K+MWG2A.K+MWG3A.K MW GENERATED-A 
7A MWAA.K=MWG.K-MWGA.K 
5 i A MWBA.K=CLIPIMWAA.K,0,MWAA.K,MNG) 
7A P 1 C B . K = P 1 C . K - M W G 1 A . K PLANT IB CAPABILITY 
54A MW1B.K=MIN(P1CB.K,MWBA.K) PLANT IB LOAD 
18A F C 1 B . K M C I B T U . K ) ( I 1 B. K-BTU A . K ) 
7A P 2 C B . K = P 2 C . K - M W G 2 A . K PLANT 2B CAPABILITY 
54A MW2B.K=MIN(P2CB.K,MWBA.K) PLANT 2B LOAD 
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18A F C 2 b . K = ( C 2 B T U . K M I 2 B . K - B T U A . K ) 
7A P3CB.k=P3C.k-MWG3A.k PLANT 3B CAPABILITY 
54A MW3B.K=MINiP3CB.k ,NWBA.K) PLANT 3B LOAD 
ISA FC3K ,k = ( C 3 B T U . K ) ( I 3 B . K - B T U A . K ) 
54A/ FCBe . K = M I N ( F C l B . K , F C 2 B . K ) 
5 4 A A F C B . K t M I N ( F C 3 B . K , F C B B . K ) 
49A F C L U K * ' S W I T C H ( 0 , A F C B . K , P W 8 A . K ) FUEL COST/MW-B 
7A FCU ' .n .K = F C B . K - F C l B . K 
49A MWG18.k=SWITCH(MW1B.K,G,FC1BD.K) 
12A T F C 1 B . K M F C 1 B . K J (MWG1B.K) FUEL COST-DOLLAR/HR-1B 
7A F C ? 6 D.k= F C B . K - F C 2 B . K 
49A MWG2H.k=SWITCH(MW2B.K,0 ,FC2BD.K) 
12A T F C 2 B . K = ( F C 2 B . K ) I M W G 2 B.k) FUEL COST-DOLLAR/HR-2B 
l\ FC3BD.K=FCB.K-FC3B.k 
4 9 A MWG3B.K=SWITCH(MW3B.K,0»FC3BD.K) 
12A TFC33,k= (FC3B.k ) (MUG3B.k) FUEL COST -dcllavhr -3B 
8 A rFCb.k = TFC18.K+TFC2G.k + TFC3B.K FUEL COS I - '' l l •'• *- < - t. 
8 A MWT>r;.k = MWGlB.K*MWG2i3.k+MWG3B.K MW GENERA IED - U 
7A n \d ,k="waa . K-vWGB. < 
51 A ."1 >• 31* ,k = C l I P ( M^ A B . k , 0 , MUAB.K , MNG ) 
/ A PICC .k = P 1 cr,. K-fV^glh .k PL am 1C CAPABILITY 
r>4a v, w 1C • k - M I \ ( P 1 C l . k , n to 6 6 . k ) pl am 1C LOAD 
1 8 A FC 1C .k = { C 1 b TU. k ) ( I 1 C . k-r< TUA.k ) 
7 A p ? C C • k - P 2 C LI. k - rv v* G 2 c • K PLANT 2C CAPABILITY 
54A Mw2C.k-k IN(P2CC.k,MWRB.K) PLANT 2C LOAD 
18A F C ^ C.k= ( C 2 G T U . K M I ? C.k - B T U A . K ) 
7A PICC.k=P3CB.k-MWG3H.k PLANT 3C CAPABILITY 
54A MW3C.K = M I N ( P 3 C C . K , r * W b B . K ) PLANT 3C LOAD 
18A F C 3 C.k= ( C 3 B T U.k){ I 3 C . K - B T U A . K ) 
54A F C C C . K = M I N ( F C 1 C . K . F C 2 C . K ) 
54A AFCC.k=MIN(FC3C.K,FCCC.K) 
49A F C C . K = S h I T C H ( 0 , A F C C.k , M W B B . K ) FUEL COST/MW-C 
7A FC1CD.K = F C C . K - F C 1 C . k 
49A MW\,lr..k=SWI T C H ( M W 1 C . K , 0 » F C 1 C D . K ) 
12A T F C 1 C . K = ( F C 1 C . K ) ( M W G 1 C . K ) FUEL COST-DOLLAR/HR-1C 
7A F C 2 C C . K = F C C . K - F C 2 C .k 
49A yWG?C.K=SlNlTCH(MW2C.K.0»FC2CD.K) 
12A T F C 2 C . K = ( F C 2 C . K ) ( M W G 2 C . K ) FUEL COST-DOLLAR/HR-2C 
7A F C 3 C D . K = F C C . K - F C 3 C . K 
49A MvgG3C«K = SWI TCHt M W 3 C . K , 0 , F C 3 C D . K ) 
12A T F C 3 C . K = I F C J C . K ) ( M W G 3 C . K ) FUEL COST-DOLLAR/hR-3C 
BA TFCC.K=TFC1C.K+TFC2C.K + TFC3C.K FUEL COS T-DULLAR/HR-C 
3A MWGC .K = MWG1C.K + MWG2C.K + MWG3C.k MW GENERATED-C 
("A MWAC.K=MWAB.K-MWGC.K 
8A TFC.K=TFCA.K+TFCB.K+TFCC.K TOTAL FUEL COST/HR 
8 R MWG1.KL=MWG1A.K + MWG I B . K + MWGLC.K M.S/HR-PL AN T 1 
IL MWHl.K = MWHl .J+(OTJ(MWGl«JK + 0 ) MWH-PLAN T1 
3R MWG2.KL = MWG2A.K + MWG2B.K + MWG3B.K MW/HR-PL AN 1 2 
IL MWH2.K=MWH2.J+IDT)<MWG2.JK + 0> MWH-PL ANT 2 
3R MWG3.KL = MWG3A.K + MWG3B.K + MWG3CK MW/HR-PL AN T 3 
IL Y WH 3 . K-: M wh 3 . J + ( D T ) (MWG3.JK+0) MWH-PLANT 3 
8 A Tf,wh.k = MWHl.k + MWH2.k+MWH3.K TOTAL MWh 
8R F C 1 . K L = T F C 1 A . K + T F C 1 B . K + T F C 1 C . K FUEL COST/HR-KL AN T 1 
IL TFC1 . K = T F C i . J + ( D T ) ( F C l . J K + O ) TOTAL FUEL COST-1 
HR F C 2 . K L = TFC2A.K+TFC2B.K + TFC2C.K FUEL COST/HR-PLAMT 2 
IL T F C 2 . K = T F C 2 . J + ( D T ) ( F C 2 . J K + 0 ) TOTAL FUEL COST-2 
8R F C 3 . K L = T F C 3 A . K + T F C 3 B . K + T F C 3 C . K FUEL COST/HR-PLANT 3 
IL T F C 3 . K = T F C 3 . J + ( D T J ( F C 3 . J K + 0 ) TOTAL FUEL COST-3 




6N MWH 2 =0 




58A C l B T U . K = T A B H L t C M B T U , N M C . K , l , 7 2 , 1 ) 
C C M B T U » = . 3 9 5 8 / . 3 8 7 0 / . 3 7 1 4 / . 3 6 8 8 / . 3 6 0 2 / . 3 6 7 7 / . 3 6 7 1 / . 3 4 5 2 / . 3 3 7 9 / . 3 3 3 5 
XI / . 3 4 8 4 / . 3 5 3 5 / . 3 5 5 8 / . 3 3 6 5 / . 3 5 4 3 / . 3 4 8 9 / . 3 3 8 7 / . 3 6 0 6 / . 3 4 7 7 / . 3 4 4 0 / . 3 4 6 3 
X2 / . 3 3 7 5 / . 3 3 5 2 / . 3 2 1 6 / . 3 1 9 4 / . 3 2 1 4 / . 3 2 5 6 / . 3 1 6 9 / . 3 1 8 4 / . 3 1 6 8 / . 3 2 4 7 / . 3 3 2 6 
X3 / . 3 2 6 6 / . 3 2 5 3 / . 3 1 7 1 / . 3 1 9 4 / . 3 2 5 4 / . 3 2 6 2 / . 3 2 8 0 / . 3 2 3 3 / . 3 2 6 0 / . 3 2 6 3 / . 3 2 0 1 
X4 / . 3 2 2 7 / . 3 2 1 4 / . 3 1 5 5 / . 2 9 7 4 / . 3 0 6 3 / . 3 0 7 2 / . 3 0 2 5 / . 3 0 6 0 / . 3 0 3 2 / . 3 1 1 5 / . 3 0 6 0 
X5 / . 3 0 0 8 / . 3 0 4 4 / . 3 0 5 7 / . 3 0 3 0 / . 3 0 8 0 / . 3 0 0 3 / . 3 0 0 5 / . 3 0 2 6 / . 3 0 5 4 / . 2 9 7 2 / . 3 0 1 5 
X6 / . 3 0 2 8 / . 3 0 9 6 / . 3 0 6 3 / . 3 0 2 5 / . 2 9 7 2 / . 3 0 3 0 / . 3 0 1 4 
6A C26TU.K=CIBTU.K 
6A C3riTU.K=ClBTU.K 
1L * T U A , K = 8 T U A . J + ( D T ) < B T U A 1 . J + B T U A 2 . J ) 
6N BTUA=0 
4 1 A 6 T U A 1 . K = P U L S E ( - H R C , 2 1 6 0 , 8 7 6 0 ) 
4 1 A B T U A 2 . K = P U L S E ( H R C , 7 2 9 6 , 8 7 6 0 ) 
C HRC = . 5 
6N BTUA 1 = 0 
6N 3TUA2=0 
7H P 1 C . K = C P 1 I + P 1 D C . K PLANT 1 CAPABILITY 
7A P 2 C . K = P 2 .K + P2DC.K PLANT 2 CAPABILITY 
45A P 3 C . K = S T E P i C P 3 l , T P 3 I ) PLANT 3 CAPABILITY 
45A J 2 . K = S T E P I C P 2 I , T P 2 I ) 
6N P2C = 0 
6N P3C = 0 
58A N0M.K=TABHL( JANE, NUN.K, 1 , 1 2 , 1 ) NO. DAYS IN CURRENT MONTH 
r JANE »==3 1 / 2 8 / 3 1 / 3 0 / 3 1 / 3 0 / 3 1 / 3 1 / 3 0 / 3 1 / 3 0 / 3 1 
1L NUM. K=NUM. J+ <DT ) ( NUN1 . J-NUM2 . J ) 
4 1 A N U M 1 . K = P U L S E ( 1 , 7 4 4 , N H M . K ) 
12A NHM. K=={ NDM.K) ( 2 4 ) NO . HRS IN CURRENT MONTH 
6N NUM = I 
6N JMUM1 =0 
6N NUMJ=0 
4 1 A N U M 2 . K = P U L S E ( 1 2 , 8 7 6 0 , 8 7 6 0 ) 
1L NMC.K=NMC.J+(DT)(NUM1.J+0) NO. MONTHS CUMULATIVE 
6N N M C ^ l 
1L NYC . K = N Y C . J + ( 0T ) (NUrV3. J + 0 ) NO. YEARS CUMULATIVE 
4 1 A NUM3.K = PIJLSE( 1 , 8 7 6 0 , 8 7 6 0 ) 
6N NYC= 1 
6N NUM3=0 
SINGLE PAYMENT PRESENT WORTH FACTOR CALCULATIONS 
10A I R A . K = I R A l . K + I R A 2 . K + I R A 3 . K + I R A 4 . K * l R A 5 . K + 0 
6N IRA=0 
45A I R A 1 . K = S T E P ( A I R A 1 , T I R A 1 ) 
45A I R A 2 . K = S T E P ( A I R C i , T I R C l ) 
4 5 A I R A 3 . K = S T E P ( A I R C 2 , T I R C 2 ) 
45A I R A 4 . K = S T E P ( A I R C 3 , T I R C 3 ) 
45A I R A 5 . K = S T E P ( A I R C 4 , T I R C 4 ) 
C A I R A l = . , 0 2 7 
C TIRA 1=1 
C A I R C 1 = - . C 0 6 
C T I R C 1 = 8 7 6 1 










41A MPWF.K=PULSE(PWF,K,744,NHM.K) MONTHLY PRESENT WORTH FACTOR 
6N MPWF=0 
41A APWF.K*PLLSE(PWF.K,8760,8760) ANNUAL PRESENT WORTH FACTOR 
6N APWF-=0 
PRESENT WORTH-FUEL COSTS 
12A PWFC .K=(MFC .K)(MPWF .K) 
LL MFC.K=MFC. J+(DTMFCH. J-I6. J) 
6N MFC=0 
8A FCH.K=FC1.K+FC2.K+FC3.K 
4 LA I6.K--=PULSE(MFC.K,744,NHM.K) 
6N 16=0 
1L PWFCL.K = PWFCL. J-MDT ) (PWFC.J+O) 
6N PWFCL=0 






8A PI•K=P1I.K+P2I.K+P3I• K 
41A PlI.K=PULSE(APlIfTPlI,NEVER) 




DEPRECIATION CHARGES AND BOOK VALUE 
7A BV.K=APIL.K-ADCL.K 
41A APIL.K*PLLSE(PIL.K,8760f8760) 







PRESENT WORTH-INCOME TAX CREDIT DUE TO DEPRECIATION 
PRESENT WORTH FUEL COSTS/MO 
MONTHLY FUEL COST LEVEL 
FUEL COST/HR 
PRESENT WORTH TOTAL FUEL 
COST LEVEL 
PRESENT WORTH PLANT 
INVESTMENT LEVEL 
BOOK VALUE OF PLANT 
INVESTMENT 
ANNUAL PLANT INVESTMENT 
LEVEL 
ANNUAL DEPRECIATION CHARGES 
LEVEL 






ATCD.K=(ADC.K) ( ITR) 
PTCD.K=(APWF.K) (ATCD.K) 
INCOME TAX RATE 
ANNUAL INCOME TAX CREDIT 
PRESENT WORTH ANNUAL 
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INCOME TAX CREDIT 
IL P T C D L . K = P T C D L . J + ( D T ) ( P T C D . J + O ) PRESENT WORTH ANNUAL 
INCOME TAX CREDIT LEVEL 
6N PTCOL=0 
PRESENT WORTH-INSURANCE 
1 2 A A I N S . K M A P I L . K ) U N S R ) ANNUAL INSURANCE 
1 2 A P A I N S . K = ( A P W F . K ) ( A I N S . K ) PRESENT WORTH ANNUAL 
INSURANCE 
1L P A I L . K - P A I L . J + . D T ) ( P A I N S . J + O ) PRESENT WORTH ANNUAL 
INSURANCE LEVEL 
6N PAIL=0 
C I N S R = . 0 0 0 8 1 8 5 ANNUAL INSURANCE RATE 
PRESENT WORTH-PROPERTY TAXES 
1 2 A A P T X . K = ( A P I L . K ) ( P T R ) ANNUAL PROPERTY TAX 
C P T R = . 0 0 4 8 1 9 0 6 ANNUAL PROPERTY TAX RATE 
12A P A P T X . K = ( A P W F . K ) ( A P T X . K ) PRESENT WORTH ANNUAL 
PROPERTY TAX 
IL P A P T L . K = P A P T L . J + ( D T ) ( P A P T X . J + 0 ) PRESENT WORTH ANNUAL 
PROPERTY TAX LEVEL 
6N PAPTL=0 
O T H c R G E N E R A T I O N C O S T S 
7A G O G . K = M WC . K-IW W G T . K C T H E P G E N E R A T I C N - N ViH 
IL G 0 G V L . K = G C G r V L . J + ( C T ) ( G C G . J - I 7 . J ) 
O N G O iML = 0 
4 1 A I / . K = P U L S E ( G C G M L .K , 74 4 , N K M .K ) 
1 3 A C G O G V . K = ( G O G V L . K ) ( M P W F . K ) ( C G O G ) 
C C G C G = 5 . 0 
I L P G O G . K = F G O G . J + ( D T ) ( C G O G M . J + 0 ) P R E S E N T V.ORTH G E N E R A T I O N 
O T H E R T H A N A T G A N N C N 
6 N P G O G = 0 
N _ r F D c S E N T WORTH- O F A L L C O S T S A N D C R E C I T S 
1 0 A P H / T C . K - P W F C L . K + P / v P I L . K + P A [ L . K + P A P T L . K - F T C D L . K + F G G G . K 
P H I N T 
< 1 
-jPfC 
l ) F C / ? ) F w F C L / J ) P G C G / 4 ) P I L / t 5 ) P w P r L / 6 ) P T C D L / ? ) F A I L / a ) P A P T L / 9 ) P » i T C / 1 0 
) T M w H / 1 1 ) W< CL­
OT = I . 0 / L E N G T H = S 2 F. C 6 / P R T P E R = S 7 6 1 / P L T P ER = 0 
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V A R I A B L E S A N D C O N S T A N T S T O B E C H A N G E D F O R E A C H A L T E R N A T I V E 
A L T E R N A T I V E A 
1 2 5 V W . 1 3 0 M * , 1 8 C V W 
C C P 1 1 = 1 2 5 
C A P I [ = 1 8 3 4 7 3 5 7 
C T P 1 1= 1 
C C P 2 I = 1 ! 0 
C A P 2 1 = 1 4 4 4 3 4 9 2 
C T P 2 I = 7 6 5 6 
C C P 3 1 = 1 3 0 
C A P 3 1 = 1 9 4 8 9 2 8 0 
C T P 3 1 = 2 4 4 4 4 
C M N G = 4 0 
>8A I 1 A .K = T A B H L ( GN 1 . r V » * 1 A ,K , 4 0 . 1 2 5 . 5 ) 
>fi A I 1 8 . K = T A R H L ( G N l . r V » i l B . K . 4 0 . 1 2 5 . 5 ) 
j 8 A r i C K = T A e H L ( G N l . V * l C . K . 4 0 . 1 2 5 . 5 ) 
C G N 1 • = 1 0 . 9 6 / 1 0 . 8 7 / 1 0 . 7 8 / 1 0 . 6 9 / 1 0 . 6 0 / 1 C . 5 1 / 1 C . 4 2 / 1 0 . 3 3 / 1 C . 2 4 / 1 0 . 1 5 / 1 
XI 0 . 0 7 / 1 0 . 0 2 / 9 . 5 7 / 5 . 5 4 / 9 . 9 2 / 9 . 9 1 / 9 . 9 0 / 5 . 5 1 
5 8 A I 2 A .K = T AB'HL ( G N 2 . P * l 2 A . K « 4 0 . 1 3 0 . 5 ) 
b S A I 2 E . K = T A B H L ( G N 2 . V * 2 B . K . 4 0 . 1 3 0 , 5 ) 
5 8 A I 2 C . K = T ABl-L ( G N 2 . NV« ? C .K . 4 0 . 1 3 0 . 5 ) 
C G N 2 « = 1 0 . 5 0 / l 0 . 4 3 / l 0 . 3 6 / 1 0 . 3 C / 1 0 . 2 3 / l C l 6 / l C . 0 9 / l Q . C 2 / 5 . S 6 / 9 . B 9 / 9 . 8 
X I 3 / 9 . 7 9 / 5 . 7 6 / 9 . 7 3 / 5 . 7 2 / 5 . 7 2 / 9 . 7 3 / 5 . 7 5 / 9 . 7 8 
i S A I 3 A . K = T A B H L ( G N 3 . r V W 3 A . K . 5 5 . i e 0 . 5 ) 
:5 8 A I 3 H . K = T A e h L ( G N 3 . V W 3 B . K . 5 5 . i e 0 . 5 ) 
>8A I 3 C . K = T A E H L ( G N 3 . N W 3 C . K » 5 5 » 1 8 0 . 5 ) 
C G N 3 * = 1 0 . 1 1 / 1 0 . 0 7 / 1 0 . 0 3 / 9 . 9 9 / 9 . 9 5 / 9 . 9 2 / 9 . 8 8 / 9 . 8 3 / 9 . 8 0 / 9 . 7 6 / 9 , 7 2 / 9 . 6 
XI 3 / 9 . 6 4 / 9 . 6 0 / 9 . 5 7 / 9 . 5 4 / 9 . 5 1 / 5 . 4 5 / 5 . 4 7 / 9 . 4 6 / 5 . 4 5 / 9 . 4 5 / 9 . 4 4 5 / 9 . 4 5 / 9 . 4 
X 2 5 / 9 . 4 5 5 
C R G C P 1 = 0 
C B G O P ? = 0 
C P 1 0 C = 0 
C P 2 D C = 0 
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V A R I A B L E S A N D C O N S T A N T S T O H E C H A N G E D F O R E A C H A L T E R N A 1 I V E 
A L T f i R N A T I V h e 
3 5 0fVW 
C V N G = 1 0 ' 7 
C C P 1 I = 3 30 
C A P I l = 4 4 2 4 t; } 6 5 
C T P 1 I = 1 
C C P ? [ = 0 
C A P 2 I = 0 
C T P 2 I = 6 0 0 0 0 
C C P 3 l = 0 
C A P ? I = 0 
C T P 3 1 = 6 0 0 0 0 
iflA I l A . K = r A e t - L ( G N l , r V l A l A . K . l 0 5 . 2 5 5 . 1 C ) 
6 6 A II 0 . K = TA5t-L(CNl.rv\*(lH.K, 1 0 5 . 3 5 5 . 1 C ) 
> 8 A I 1 C . K = T A f i h U G N 1 , VV» 1 C . K , 1 0 5 . 3 5 5 , 10 ) 
C G N 1 * = 1 0 . 0 0 / 3 . 6 6 / 5 . 7 2 5 / 5 . 6 / 9 . 4 8 5 / 5 . 4 / 5 . 3 5 / 9 . 3 1 2 / 9 . 2 7 5 / 9 . 2 4 / 9 . 2 1 2 / 5 . 
XI 1 8 5 / 9 . 1 6 / 9 . 1 4 / 9 . 1 2 6 / 9 . 1 1 5 / 9 . 1 1 / 9 . 1 0 3 / 9 . 1 / 9 . 1 / 9 . 1 1 / 5 . 1 2 5 / 9 . I 4 5 / 5 . 16 
K 2 3 / 9 . 1 9 / 9 . 2 2 5 
C I 2 A = 1 2 . 0 
C 1 2 H = 1 2 . 0 
C I 2 C = 1 2 . 0 
C I 3 A = 1 2 . 0 
C I 3 R = 1 2 . 0 
C I 3 C = 1 2 . 0 
C B G C F 1 = 0 
C H G 0 P 2 = 0 
C P1 D C = 0 
C P 2 D C - : 0 
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A L T r i Q N A T I V-E C 
1 b 0 .v w • 2 0 0 M I* 
C M N G = 4 5 
C C P I 1 = 1 5 0 
r A P 1 It = 2 1 2 3 6 3 6 5 
c r p l i = l 
C C P 2 1 = 2 0 0 
f. A P 2 1 = 2 3 1 1 0 0 0 0 
C T P 2 I = 2 5 5 3 6 
C C P 3 1 = 0 
C A P 3 1 = 0 
C T P 3 l = 6 0 0 0 0 
:j£A I 1 A . K = F AI3HL ( G N 1 » NVK 1 A .K , 4 5 . 1 5 0 . 5 ) 
a U A I 1 B . K = T A R H L ( G M , V W 1 B . K , 4 5 , 1 5 0 , 5 ) 
. i G A IlC.t< = T A e H L ( G N l » r V V i i l C . K , 4 5 . 1 5 0 » 5 ) 
C GN 1 x = 10 . 2 3 / 1 0 . 1 9 / 1 0 . 1 5 / 1 0 . 1 0 / 1 0 . 0 6 / l C C J / 9 . 9 e / 5 . 9 3 / 9 . 8 £ / 9 . e 4 / 9 . 8 C / 
X I J . 7 * 5 / 9 . 7 2 / 9 . 6 8 / 9 . 6 5 / 9 . 6 2 / 9 . 6 1 / 5 . 6 1 / 9 . 6 1 / 9 . 6 2 / 9 . 6 3 / 5 . 6 5 
;i8 A I 2 A . < = T A e H L ( G N 2 . f V W 2 A . K , 6 0 , 2 0 0 , 5 ) 
>8 A I 2 H . < = T A e t - L ( G N 2 , f V V « 2 B . K , 6 0 , 2 0 0 , 5 ) 
5 2 A I 2 C . K = T A B H L ( G N 2 . r V * 2 C . K , 6 0 , 2 0 0 , 5 ) 
Z G >J2« = 1 0 . 1 0 / 1 0 . 0 6 / 1 0 . 0 3 / 9 . 9 8 / 9 . 9 3 / 9 . 8 8 / 5 . 8 4 / 9 . 8 C / 9 . 7 6 / 9 . 7 2 / 5 . 6 8 / 9 . 6 
X I 3 / J . 5 9 / 9 . 5 6 / 9 . 5 3 / 9 . 5 1 / 5 . 4 3 / 9 . 4 6 / 5 . 4 4 / 9 . 4 2 5 / 9 . 4 1 8 / 9 . 4 1 / 5 . 4 0 3 / 9 . 4 0 3 / 
X 2 9 . 4 1 / 9 . 4 1 5 / 9 . 4 2 / 5 . 4 2 8 / 5 . 4 3 5 
C I 3 A = I 2 . 0 
C I 3 R = 1 2 . 0 
I 3 C = 1 2 . 0 
C il G C P 1 = 0 
C 3 G 0 P 2 = 0 
C P 1 0 C = 0 
C P 2 D C = 0 
176 
A L T EflNAT IV <= C 
lbO f V W . 1 3 0 M * » 
c M N G = 2 0 
r C P 11 = 1 5 0 
c A P I 1 = 2 1 2 3 6 . 3 6 5 
r TPll=.l 
C C P ? 1 = 1 3 0 
C A P 2 I = 1 4 4 4 3 4 5 2 
C T P ? I = 2 ' 3 5 3 6 
c C P 3 I = 7 0 
c A P 3 I = 8 0 3 * 3 5 0 0 
c TP.3 1 = 4 3 0 5 6 
I l A . K = T A B H L ( G M t r W < l A . K . 4 S . 1 5 0 , E ) 
yti A I i n . < = T A G H L ( G M . r V * l B . K . 4 5 . 1 5 0 , 5 ) 
3 C A I 1 C . K = T A P H L ( G N l . r W n l C . K . 4 5 , 1 5 0 , 5 ) 
C G N 1 * = 1 0 . 2 3 / 1 0 . 1 9 / 1 0 . 1 5 / 1 0 . 1 0 / 1 0 . 0 6 / 1 0 . C 3 / 9 . 9 e / 5 . 9 3 / 9 . e e / 9 . e 4 / 9 . 8 C / 
X 1 9 . ? 6 / 9 . 7 £ / 9 . 6 e / 9 . 6 5 / 9 . 6 2 / 9 . 6 1 / 9 . £ 1 / 9 . 6 1 / 9 . 6 2 / 9 . 6 3 / 5 . 6 5 
•.:> e a I 2 A . K = T A e H L { G N 2 . r W » 2 A . K . 4 0 , 1 3 0 , 5 ) 
j 8 A I 2 P . K = T A B H L ( G N 2 . V H 2 B . K . 4 0 , 1 3 0 , 5 ) 
>H A I 2 C . K = T A e H L { G N 2 , y w 2 C . K . 4 0 , 1 3 0 , 5 ) 
G N 2 « = 1 0 . 5 0 / 1 0 . 4 3 / 1 0 . 3 6 / 1 0 . 3 0 / 1 0 . 2 3 / 1 C . 1 6 / 1 C • C 9 / 1 0 . C 2 / 9 . 5 6 / 9 . 8 9 / 9 . 8 
X 1 3 / ^ . 7 9 / 5 . 7 ^ / 9 . 7 3 / 9 . 7 2 / 5 . 7 2 / 5 . 7 3 / 9 . 7 5 / 9 . 7 8 
>8 A I J A . K « T A 8 H L ( G N 3 , V ¥ » 3 A . K , 2 0 , 7 0 , 5 ) 
J f i A I 3 1 * . K = T A G H L ( G N 3 . Ma3E .K • 2 0 , 7 0 , 5 ) 
j fi A I 3 C . K = T A H H L ( G N 3 . f V V » 3 C . K , 2 0 , 7 0 , S ) 
c G N 3 * = 1 2 . 3 0 / 1 1 . 3 5 / 1 0 . 8 0 / 1 0 . 5 0 / 1 0 . 2 7 / 1 C 1 2 / 1 C . 0 5 / 1 0 . C 5 / 1 C . 1 5 / 1 0 . 3 3 / 1 
X 1 0 . 6 0 
c B G C P 1 = 0 
c 3 G 0 P ? = 0 
c P I D C = 0 
c p 2 r> c = o 
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